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Abstract of the thesis, submitted to the Aligarh Muslim 
University, Aligarh, India for the degree of Doctor of 
Philosophy in Botany. 
The present thesis comprised of six chapters. In 
Chapter 1, the importance of the problem and lacunae in the 
understanding of the problem and justifications has been put 
forward for undertaking the present work. 
In Chapter 2, a review of the work done to study the 
response of the crops to individual and combined effect of 
B-vitamins and N P application has been done. 
Chapter 3 deals with the details of material and 
methods employed for the pot and field experiments 
conducted and relevant meteorological and edaphic data 
have been given. 
Chapter 4 includes the detailed data regarding crop 
response based on growth, leaf N, P and K content and 
accumulation, yield characteristics and oil quality. The 
results found significant and P<0.05 on performing 
statistical analysis according to the design of the experiment 
have been discussed in the context of earlier findings in 
Chapter 5. 
The results obtained on the experiments conducted are 
summarized below: 
One pot and four field experiments were conducted on 
Brassica juncea L. Czern & Coss. cv. Varuna and Rohini 
during rabi season of 1993-95 at the net house and 
agriculture farm of Botany, Aligarh Muslim University, 
Aligarh, India. Experiments 1, 2 and 4 were carried out 
according to simple randomized block design and 
Experiments 3, and 5 according to factorial randomized 
block design. The data were mostly found significant and 
their salient points are given below. 
Experiment 1 (1993-94) was conducted according to 
simple randomized block design to establish the most 
suitable concentration for soaking of mustard in thiamine 
hydrochloride solutions of concentrations i.e. 0, 0.01, 0.02, 
0.03, 0.06, 0.09 and 0.12% on performance of mustard. The 
duration time for soaking throughout the experiments was 
kept constant (i.e. 4h) except for Experiment 4 and at the 
time of sowing a uniform basal dose of fertilizers (i.e. 90kg 
N/ha, 30kg P/ha and 30kg K/ha) except for Experiment 5, 
was kept the same. Soaking concentration of 0.03% of 
thiamine hydrochloride was found to be the best in 
comparison to any other concentration of the treatment for 
most of the parameters studied. In growth parameters, leaf 
area fresh weight of plant, root dry weight and shoot length 
showed significant results of the early stages of sampling 
(i.e. 40-80 DAS). Crop growth rate also followed the same 
trend, however, relative growth rate and net assimilation 
rate did not followed the same at any stage of sampling. 
Uptake of N, P and K did not showed any significant 
enhancement. However, yield parameters, pod number, 
seed number, biological yield and seed weight registered 
significant results, which directly boosted the oil yield. The 
quality parameters, oil content, iodine and saponification 
values remained unchanged with any of the treatment. 
Experiment 2 (1993-94) was conducted in the field on 
the same lines as in Experiment 1, according to simple 
randomized block design. The objective of the experiment 
was to confirm the findings of Experiment 1 in the field trial. 
It was noticed that the effects of thiamine hydrochloride 
soaking of 0.03% concentration at the early stages of 
growth (i.e. 40-80 DAS) showed significant results. All the 
growth and yield characteristics proved best for the same 
(i.e. 0.03% thiamine hydrochloride). However, net 
assimilation and relative growth rate did not show any 
favourable response. Nutrient uptake (N, P and K) and oil 
content also did not register any favourable move. 
Experiment 3 (1994-95), the design of the experiment 
was factorial randomized to study the comparative 
performance of two mustard {Brassica juncea L.) varieties 
namely, Varuna and Rohini treated with different 
concentrations of thiamine hydrochloride (i.e. 0, 0 .01, 0.02 
and 0.03%, other higher concentrations were found 
beneficial in experiment 1 and 2, so were discarded for this 
experiment) to select out the variety better adjusted to local 
conditions with regard to growth and yield. Varietal 
difference was found significant for all the parameters 
studied. The variety Varuna showed significant results with 
0.03% thiamine hydrochloride application for all growth 
parameters i.e. shoot length, plant dry and fresh weight, leaf 
area, leaf area index, CGR. However, the variety Rohini 
registered significant results for RGR especially at early 
stages of growth and for NAR. Shoot N, P and K 
accumulation, yield parameters (except 1000 seed weight) 
had also shown favourable response to be the best for the 
variety Varuna. 
Varietal interaction (i.e. soaking x variety) was totally 
found non-significant (except CGR, RGR and dry weight). 
So, the best performing variety "Varuna" was selected to 
study the effect of same levels of thiamine hydrochloride 
concentrations (but in foliar form) in the Experiment 4. 
Experiment 4 (1994-95) was conducted according to 
simple randomized block design in the Rabi season. The 
aim of this trial was to find out the effect of spray of 
thiamine hydrochloride on mustard {Brassica juncea L.) var. 
Varuna (selected from Experiment 3). 
The plants were sprayed with 0.01, 0.02 and 0.03% 
thiamine hydrochloride solutions along with deionized water 
(control) for the comparison. Spray of solutions and 
deionized water was done in a single spray (40 DAS). The 
same parameters as in previous experiments were studied. 
Like Experiment 3, 0.03% of thiamine hydrochloride proved 
optimum for all growth parameters like fresh weight, plant 
dry weight, CGR, RGR (except shoot length, leaf area, leaf 
area index and NAR) especially at early stages of growth. N, 
P and K enhancement was not affected by spray treatment 
yet 0.03% was statistically superior to rest of the 
treatments. Foliar application also enhances yield 
parameters (except seed number, 1000 seed weight and 
harvest index). Same was the case with seed yield. Quality 
characteristics like oil content, acid, iodine and 
saponification values remained unchanged with any of the 
spray. 
Experiment 5 (1995-96) was conducted according to 
factorial randomized block design. This trial was based on 
the findings of Experiment 1, 2 and 3. The main objectives 
of the experiment was to confirm the effects of best dose 
(0.03% thiamine hydrochloride solution) of pre sowing seed 
soaking on the basis of previous findings and to observe 
interaction effect with different combinations of nitrogen (0, 
30, 60 and 90kg/ha) and phosphorus (0, 30 and 60kg/ha) 
levels on performance of mustard {Brassica juncea L.) var. 
Varuna. A uniform basal dose of potassium (30kg/ha) was 
maintained. 
The same parameters as in previous experiments were 
studied at the same stages in this experiment also. Soaking 
concentration 0.03% of thiamine hydrochloride solution 
registered marvellous significant results for most of the 
parameters including growth parameters, biochemical 
parameters (except N, P and K content) and yield 
parameters except seed number, 1000 seed weight and 
harvest index). Same results were also obtained for 30kg 
P/ha and 60kg N/ha. Two interaction (S x N) was found 
beneficial, whereas, all three interactions either two or three 
ways were found non-significant. 
To sum up, the variety Varuna with a basal application 
of 60kg N/ha, 30kg P/ha and soaking concentration of 0.03% 
thiamine hydrochloride solution may be adopted in this agro-
climatic zone for profitable cultivation. Results on leaf 
applied thiamine hydrochloride solution with basal uniformity 
applied fertilizer doses, though proving beneficial, need 
further research to establish the most suitable concentration 
of basal fertilizer dressing with thiamine hydrochloride 
solution not only for further improving the performance of 
the crop but also to achieve economy of phosphatic and 
nitrogenous fertilizers. ,•$ '^^^^^^^l^^^N, 
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CHAPTER-1 
INTRODUCTION 
Oils and fats form the integral part of food, cosmetics, 
soaps and detergents, lubricants and laxatives, besides 
their medicinal therapeutic value. Oilseeds are higher 
nutritious food for human and animals. The fatty acids 
contained in their seeds provide 2.5 times more calories 
than carbohydrates. In human body, fats and oils act as a 
transport medium for vitamin A, D, E and K (Anonymous, 
1995). Some fat especially vegetable oils provide essential 
fatty acids to human body. The non-edible, also has many 
r 
uses in industries like soap, paint, varnish, hair oil and 
grease etc. The oil cakes are used as cattle feed and 
manure. There are mainly nine crops grown for oil, namely 
ground nut, rapeseed mustard, sesamum, safflower, niger, 
sunflower, soybean, castor and linseed. While the first 
seven are in the edible category, castor and linseed are 
classified as the chemical or industrial oils. 
With the present production around 17 million tonnes 
from 23 million hectares, oil seed crops constitute the 
second largest agricultural produce in India after grains. 
About 14 million persons are engaged in the production of 
oilseeds and another 0.5 million people in their processing. 
In terms of area and production, India ranks first in the 
world for groundnut, sesamum, niger and castor; second for 
safflower and third for rapeseed mustard and linseed. 
Although India has 35% of world's oilseeds area, it 
produces less than 7% of world's edible oils to meet the 
needs of about 16% of total world population. It is evident 
that the productivity of oilseed crops and per capita 
availability of oils in India is very low. Therefore, to meet the 
daily requirement, India has to import edible oil every year 
on large scale, which causes burden on our already limited 
foreign reserves. The per capita requirement of oil is 18g 
per day. The demand for oilseeds is projected to be 26 
million tonnes by 2001 A.D. This means that within the next 
three years, the oilseeds production has to increase by 9 
million tonnes. Therefore, enhancement of oilseeds 
production is one of the national priorities (Reddy, 1989). 
The low production of oilseeds in India is due to 
several factors. Some of them are listed here, (i) more than 
75% of the farmers have small or marginal holdings of less 
than two hectares, (ii) only 15% of the area under oilseeds 
is irrigated as compared to 72% under wheat and 44% under 
rice, (iii) absence in advancement of agricultural techniques 
for high yielding varieties, post harvest technology and 
proper processing facilities, (iv) attack of pests and 
diseases (Tripathi, 1993). 
In order to increase the oilseeds production in India 
and to meet the requirement, the following measures may be 
adopted, 
(i) Use of certified seeds of improved varieties, which may 
alone constitute 15 and 20% increase in productivity, 
(ii) Management of fertilizer and irrigation, 
(iii) Farmers should be educated about the need of 
maintaining optimum plant population, seed treatment, 
timely sowing, weeding, irrigation and application of 
balanced fertilizers and pesticides doses (Reddy, 
1989). 
Brassica furnishes commercially important rapeseed, 
which is a member of family Brassicacea. This family has 
160 species mostly biennial and annual herbs. Oilseeds 
accounts for approximately 10% of the total world oilseed 
production. Brassica juncea is well adapted to drier 
conditions and is relatively fast maturing. On the Indian sub-
continent Brassica juncea is the dominant species grown 
due to its highest content of oil (30-48%) in its seeds. For 
high yield, a crop should have the following attributes: 
(i) Long and flat rosette leaves for rapid ground cover 
(ii) Few branches, developing simultaneously with the 
main stem 
(iii) Little basal branching 
(iv) Early flowering 
(v) A less seed filling period 
(vi) Improved harvest index 
(vii) Increased pod setting with vertical pod position. 
With limitation in increasing the average of cultivation, 
agriculturists are now focusing mainly on increasing the 
productivity. Various projects have been under taken to 
boost up the productivity of oilseeds. Studies have 
established a positive role of judicious application and 
different techniques of application of nutrients in crop 
growth and development (Afridi and Samiullah, 1973; 
Samiullah et al., 1983; 1990; Mohammad ef a/., 1987; 
Khanpara et al., 1993 and Chauhan et al., 1994). 
Along with the improvement in the fertility of the soil, 
the crop should also be exploited to utilize the available 
nutrients to maximum extent. Tlie judicious application of 
fertilizers (N, P and K) can improve the productivity of the 
crop. However, application of large quantities of inorganic 
fertilizers has its disadvantages too. Besides large scale of 
expenditure of already exhausted foreign reserves for 
importing the fertilizers on one hand, and on the other hand 
continuous application of one particular nutrient can also 
cause pollution hazards. In this context, utilization of 
available soil nutrients through increase in root grov\/th may 
help to some extent. The B-vitamins are known to be 
actively involved in various physiological activities such as 
growth, ion-transport and yield (Bonner and Bonner, 1948; 
Samiullah at. al., 1988). 
At Aligarh, the use of pyridoxine hydrochloride (Be) for 
improving the crop performance has been studied. 
Pyridoxine hydrochloride (Be) acts as co-enzyme in several 
enzymatic reaction, thereby modifying the physiological 
process for better sink-source relationship. Sufficient work 
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haji been done on the use of pyridoxine in several crops 
(Afridi et al., 1979; Ansari et al., 1990; Samiullah et al., 
1991, Samiullah et al., 1992; Khan ef al., 1995; Samiullah 
and Khan, 1997; Lone ef al., 1999; Khan and Samiullah, 
2001), but the other members of B-vitamin group have not 
been tested so far. Since, mustard is a sulphur loving crop, 
it was therefore, decided to study the effects of vitamin Bi 
(Thiamine), on morphophysiology and seed output in 
mustard (Brassica juncea L.) This was expected to have 
effects on mustard as thiamine has several roles in plant 
metabolism and it contains sulphur as a constituent. 
The study based on the following lines and aims was 
carried out. 
1. To test the efficacy of seed enrichment with thiamine 
(vitamin Bi) on the morphophysiology and productivity of 
mustard. 
2. To test the efficacy of pre-sowing seed treatment with 
thiamine on improving the performance of mustard 
cultivars. 
3. To study the method of application of thiamine for higher 
yield of mustard. 
4. To study the effect of pre-sowing seed treatment with 
thiamine in achieving fertilizer economy. 
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REVIEW OF LITERATURE 
2.1 Introduction 
The use of farmyard manure is an old practice in 
agriculture adopted by farmers and even scientists until 
about the middle of the last century and it was believed that 
applying adequate quantities of organic fertilizers to the soil 
before sowing provided entire nutritional requirements of 
crop plants. For the first time, de Saussure in 1804 
chemically analysed soils as well the ash of the plants 
rv 
growing in the soil. He came to the conclusion that 
composition of the plants varied with the soil, the plant part 
analysed and the age of plant (Hewitt, 1963). Sachs in 
1860 and Knop in 1862 prepared solution of salts supplying 
the major essential mineral nutrients and studied the 
importance of mineral nutrient for plant growth. Among the 
essential nutrients, nitrogen, phosphorus, potassium, 
calcium, magnesium and sulphur are required in rather large 
quantities and hence been named macro nutrient elements. 
The elements, boron, chlorine, copper, iron, manganese, 
molybdenum and zinc are required in small quantities by the 
plants. These are termed as micro nutrient elements 
(Epstien, 1978). It may be added, however, that various 
crop plants require different levels of essential nutrients 
depending upon their utilization capacity and these are 
supplied mainly through chemical fertilizers. 
Fertilizers are classified according to the particular 
nutrient element, which forms their nutrient constituent. 
Thus, they may be grouped, for example, as nitrogenous 
fertilizers, phosphatic fertilizers and potassic fertilizers. The 
fertilizers added to the soil are not generally fully utilized by 
the crop plants due to various factors (Donahue et al., 
1990). Variation in the root system of plants is one of the 
main factors. Although nitrogen, phosphorus and potassium 
are of the key importance in agriculture, the other nutrients 
are in no way less important. 
2.2 Nitrogen 
Nitrogen content in plant is approximately 1-3 per cent 
of the dry weight (Salisbury and Ross, 1992). It is taken up 
by the roots of higher plants mostly in the form of nitrate 
and ammonium. After absorption in the plants, nitrogen is 
reduced and incorporated into various organic compounds 
(Marschner, 1986). It is one of the most important plant 
nutrients as it is an integral part of amino acids, proteins, 
co-enzymes, porphyrines, purines, pyrimidines, chlorophyll, 
some vitamins and growth regulators (Devlin and Witham, 
1986). The deficiency of nitrogen results in stunted growth 
and yellowing of leaves because of loss of chlorophyll. This 
yellowing of leaves is commonly called chlorosis. This is 
first observed in older leaves and lastly in younger leaves 
as nitrogen is readily translocated from older leaves to 
younger leaves (Noggle and Fritz, 1986). 
Application of nitrogen to the soil increases the cation 
exchange capacity of plant roots and thus makes them more 
efficient in absorbing other nutrient ions. 
2.3 Phosphorus 
Its approximate content in plant on dry weight basis is 
in the range of 0.3 to 0.5% (Marschner, 1986). Phosphorus 
is absorbed by plants both as monovalent (HP04') and 
divalent (H2PO4") anions from soil. The quantity of either 
ion present in the soil is dependent upon the pH of the soil 
solution, lower pH favouring the absorption of H2P04"ion 
and higher pH favouring the HPO4" (Devlin and Witham, 
1986). 
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Phosphorus is a basic constituent of metabolically 
active compounds like nucleic acids, DNA and RNA. In both 
DNA and RNA, phosphorus forms a bridge between 
ribonucleoside units to form the macromolecuies. 
Phosphorus is responsible for the strongly acidic nature of 
nucleic acid. The concentration of phosphorus in nucleic 
acid differs among tissues and cells; it is high in nutrient 
and low in storage tissues (Marschner, 1986). Phosphorus 
is also constituent of phospholipids, phytin, adenosine and 
other tri phosphates, pyridoxal phosphate and thiamine 
pyrophosphate, phosphorylated sugars and their 
intermediary metabolic products formed in the glycolytic and 
alternative oxidative pathways, nucleoproteins, purines and 
pyrimidines, nucleotides and flavin nucleotides (Nason and 
McElroy, 1963). Phosphorus participates directly in the 
photochemical events of photosynthesis through 
orthophosphate and nicotinamide adeine dinucleotide 
phosphate, required for the production of asslmilatory power 
(Devlin and Witham, 1986). Phosphorus deficiency exhibit 
retarded growth and often a reddish coloration occurs 
because of enhanced anthocyanin formation. Phosphorus 
11 
deficiency leads to reduction of cell division and expansion, 
respiration and photosynthesis (Marschner, 1986). 
2.4 Potassium 
Most of the higher plants require potassium in large 
quantity (2-5 per cent on dry weight basis) for proper growth 
and development (Marschner, 1986). Contrary to nitrogen 
and phosphorus, potassium has not been reported as to be 
integral part of any metabolic molecule Inside the plant 
cells. Potassium is the most abundant cation in the 
cytoplasm, and potassium salts make a major contribution to 
the osmotic potential of the cells. The higher concentration 
of the K in the cytoplasm and the chloroplast are required to 
neutralize the soluble and insoluble macro molecular anions 
and to stabilized the pH between 7 and 8 in these 
compartments, the optimum for most enzymes reactions. 
Potassium activates the enzyme activity by inducing 
configurational changes in the enzyme protein. Various 
enzymes in plant metabolism are activated by potassium, 
e.g. fructokinase, pyruvatekinase and ATPases. Potassium 
also plays a very important role in protein synthesis by 
binding of tRNA to ribosomes (Marschner, 1986). 
Potassium is responsible for changes in osmotic potential in 
12 
the guard cells during stomatal movement and thus help in 
opening and closing of stomata. 
Potassium deficiency results in chlorosis of older 
leaves first. Its deficiency causes scraching of margin and 
tip, necrosis, rosette or bushy habit of growth and 
weakening of stems (Noggle and Fritz, 1986). 
2.5 Crop responses to N and P 
In the following pages, an attempt has been made to 
review the most recent available literature regarding the 
effect of nitrogen and phosphorus on the performance of 
mustard crop with particular reference to the work done 
under agroclimatic conditions of India. 
Vir and Verma (1980) conducted a randomized block 
design experiment in the sandy loam soil to find out the 
effect of nitrogen, phosphorus and row spacing on yield, 
yield attributes and oil content of rainfed mustard Var. T-59. 
The treatments consisted of four level of nitrogen (0, 30, 60 
and 90kg/ha), three levels of P2O5 (0, 30, and 60kg/ha) and 
three-row spacing (30, 45 and 60cm). Nitrogen and 
phosphorus were applied in the form of urea and single 
super phosphate. It was observed that 60kg N, 30kg 
P205/ha and row spacing of 45 cm were superior over other 
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proved detrimental for the productivity of the crop. Under 
300kg N/ha regime siliqua were born even at the 8^^ node 
(from top) of stem while under 0 and 60kg N/ha, they were 
born upto the 4**" and 6^^ nodes respectively. It was also 
observed that seed yield was correlated with leaf area 
duration, pod volume and the per cent of N in plants at 
flowering stage. It was also noted that P increased the oil 
percentage. The optimum dose of nitrogen was 164kg N/ha. 
With regard to P and K application, it was observed that 
their effect was not significant. However, the application of 
P increased the percentage of oil. 
Parvaiz et al. (1982a) conducted a field experiment to 
study the effect of foliar application of nitrogen, phosphorus 
and sulphur on Brassica juncea (L.) Czern & Coss. Variety 
Laha 101 according to factorial randomized block design. 
The spray treatments consisted of 20kg N (as 2.0% urea), 
2kg P2O5 (as 0.2% sodium dihydrogen orthophosphate) and 
2kg S (1.0% sodium sulphate)/ha given in all possible 
combinations i.e. NP, NS, PS and NPS. These sprays were 
applied twice in three selected sets of stages of growth i.e. 
50 and 70 days (vegetative & flowering), 50 and 90 days 
(vegetative & fruiting) and 70 and 90 days (flowering & 
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fruiting) from the date of sowing. Urea, calcium super 
phosphate and muriate of potash at the rate of 60kg N, 60l<g 
P2O5 and 40kg K20/ha respectively were applied uniformly 
at the time of sowing. It was observed that spray treatment 
at 70 and 90 days after sowing was more effective as 
compared to other sets; based on hecto-litre weight, oil 
percentage, seed yield and oil yield. However, the number 
of pods/plant and seeds/pod were highest in the 50 and 90 
days spray treatment. Regarding the interaction effect, it 
was noted that interaction PS x (70 and 90 days) proved 
best for hecto-litre weight, oil percentage and oil yield. 
However, for seed yield NFS x (50 and 70 days) proved best 
followed by NFS x (70 and 90 days). Hence, it was 
concluded that spray was found more effective when applied 
late (particularly at 70 and 90 days after sowing). At this 
Stage the crop, mostly suffers -by heavy aphid infestation. 
The nutrients thus get a "free ride" with the insecticide 
minimizing operational costs. 
Farvaiz ef a/. (1982b) conducted a field trial according 
to factorial randomized block design to study the effect of 
application of different levels of nitrogen and phosphorus on 
two varieties of mustard (Peeli Sarson and Laha-101). Urea, 
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calcium superphosphate were applied to the soil at the time 
of sowing at the rate of 40 and 60kg N/ha and 20 and 40kg 
P205/ha respectively. Together with these nutrients, muriate 
of potash at rate of 40kg K20/ha was also applied uniformly 
at the rate of sowing. It was observed that treatment N40P40 
found superior for seed and oil yield, while the number of 
pods/plant and seed/pod were higher in N60P20 and N6oP4o-
It was also observed that N 40P40 gave the higher oil content 
(%) compared with N40P40 as well as in N60P40 compared 
with N 
60^ 20- Regarding the interaction effect, it was found 
that interaction N60P40 x Laha-101 gave the highest value for 
seed and oil yield. In case of other parameters, N40P40 x 
Peeli Sarson gave maximum value. It was concluded that 
Laha-101 required additional 20kg nitrogen in comparison to 
Peeli Sarson. This meager increment ultimately increased 
returns of over 400kg/ha in seed yield and around 130kg/ha 
in oil yield. 
Samiullah et al. (1983) studied the comparative 
response of six mustard {Brassica juncea L. Czern & Coss.) 
varieties ('Appressed mutant', 'R-75-2', 'RL-18', T-11' , 'T-
IS' and 'Varuna') to two levels of combined basal nitrogen 
and phosphorus (40kg N+20kg P2O5 and 60kg N+40kg 
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P205/ha). A uniform basal dose of (40kg K20/ha), 
supplemented with a uniform spray dose of 20kg N+8kg 
P205+2kg S/ha in a split-plot field experiment was also 
applied. The nutrient solution was sprayed in two 
.instalments, viz., half at 70 days (flowering stage) and 
remaining half at 90 days (fruiting stage) after sowing. It 
was observed that basal treatment N 
60P40 proved better for 
most of the yield characteristics. This dose increased 
pods/plant by 50.4%, seed/pod by 5.2%, seed yield by 
32.8% and oil yield by 29.1% over the respective values for 
N40P20 but decreased the oil content by 1%. it was also 
observed that this dose proved good for iodine value but not 
for saponification value of oil whereas hecto-litre weight and 
acid value were at par at both levels. Of the varieties tested 
'Varuna' proved best for all yield parameters followed by 'T-
IS' and 'R-75-2', while 'Appressed Mutant' proved the 
poorest. Compared with it, 'Varuna' produced 17.8% more 
seeds and 20.6% more oil. It was concluded that, in event of 
application of supplement spray of N20P8S2, the basal dose 
(N60P40) gave better results than did N40P20. 
Samiullah et al. (1984) conducted a field experiment 
on mustard {Brassica juncea L. Czern & Coss. var. Varuna) 
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to Study the effect of different combination of phosphorus 
and potassium on yield and yield attributes. It was observed 
that phosphorus alone as well as in combination with 
potassium significantly enhanced the pods/plant, number of 
seed/pod, hecto-litre weight, seed yield, oil percentage and 
oil yield. Application of 60kg P205/ha and 60kg P2O5+40kg 
K20/ha proved optimum and produced about 12 and 23% 
more seed and oil yield than their respective controls. It was 
suggested that the increase in seed and oil yield was 
presumably due to maximum pods/plant, seeds/pod, hecto-
litre weight and oil content. 
Singh and Rathi (1985) in randomized block design 
experiment studied the nitrogen requirement of mustard 
{Brassica juncea L.) var. Varuna. The treatment consisted of 
four levels of nitrogen viz., 0, 40, 80, 120 and 160kg N/ha. 
Half of nitrogen was applied at planting and remaining half 
top dressed after first irrigation. The source of nitrogen was 
urea. Sowing was done in rows spaced 63.5cm and a 
distance of 25cm between plants was maintained. Texture of 
the soil was sandy loam. Soil was rich in organic carbon 
(0.74%) and available potassium (292.50kg/ha) and medium 
in available phosphorus (22.05kg P205/ha) during both the 
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season. Data indicated a strong linear relationship of seed 
yield with nitrogen doses during both the years and even the 
increase in the yield after 120kg N/ha was highly significant 
by a margin of 4.6q/ha or 12.1% with the highest tested 
dose of 160kg N/ha. A positive increase was also found in 
all the yield contributing parameters due to nitrogen applied. 
Higher seed yield of 42.6q/ha was obtained at 62,036 
plants/ha producing 60.2 branches/plant bearing 1,138.9 
pods leading to 68.6g seed/plant. It was also noted that oil 
content decreased from 40.99% in control to 37.05% in 
maximum dose of nitrogen. This could be due to increasing 
availability of nitrogen, which increased the proportion of 
protein substances in seed. 
Artil et al. (1986) conducted a field experiment and 
observed the effect of different nitrogen levels (0, 30, 60, 90 
and 120kg N/ha) on dry matter, grain yield and uptake of 
nitrogen in three varieties (Prakash, RH30 and RH7513) of 
Brassica juncea. Response of all three varieties to nitrogen 
was observed upto 90kg N/ha. The agronomic efficiency of 
Prakash, RH-30 and RH-7613 was 7.6, 8.5 and 8.9kg 
grain/kg of nitrogen respectively. However, the order of 
physiological efficiency was RH30>RH7513>Prakash. It was 
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also observed that increasing nitrogen level increased 
concentration and uptake of the total nitrogen observed at 
45 days and 90 days by Prakash, RH-30 and RH-7513 
respectively. 
Mohammad et al. (1987), in a simple randomized field 
experiment, studied the effect of various doses of nitrogen 
and methods of application of N, P and S on mustard 
(Brassica juncea) var. Varuna. Basal application of 60kg N 
(or even 45kg N)/ha supplemental with foliar application of 
20kg N+8kg P205+2kg S/ha (in two equal splits at flowering 
and fruiting) ensured better harvest than 60kg basal 
N/ha+30kg top N/ha, although the latter proved superior to 
90kg basal N/ha alone. It was observed that application of 
more than 90kg N/ha either as basal + top-dressing or basal 
+ foliar spray proved deleterious while 45kg basal N/ha 
proved insufficient in spite of supplemental nitrogen 
application as top-dressing or foliar spray. 
Saran and Giri (1988) conducted a field trial according 
to split-plot design to find out the influence of time of 
nitrogen application and irrigation on mustard {Brassica 
juncea) cv. Pusa Bold. Treatments comprised of three levels 
of irrigation in main plots and five treatments comprising the 
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combination of two levels of nitrogen and the two times of 
nitrogen application and a control in sub-plots. It was 
observed that application of nitrogen affected growth and 
yield attributes in both seasons. Single application of 40kg 
N/ha increased significantly plant height and grains/pod in 
1984-85, pods/plant in 1985-86 and branches/plant in both 
seasons in comparison to the control. However, single 
application of 80kg N/ha produced significantly more 
pods/plant than single application of 40kg N/ha in 1984-85. 
However, split application of 80kg N/ha (half at sowing and 
half at 30 days after sowing) was superior to single 
application in respect of branches/plant in 1984-85 and 
number of grains/pod in 1985-86. It was also noted that 
application of N did not affect pod length and 1000 seed 
weight. Regarding the irrigation effect, it was observed that 
it did not affect significantly growth and yield attributes of 
mustard in either season of experimentation except height in 
1985-86. Irrigation levels did not affect dry matter 
accumulation in any of the season. Leaf area at seed 
developmental stage (110 days after sowing) was influenced 
both by irrigation and N application. Single application of 
40kg N/ha or 80kg N/ha at sowing time gave more leaf area 
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in comparison to control and maximum value was found in 
split application of 80kg N/ha. Highest leaf area was 
recorded when crop was irrigated at 30 and 90 days after 
sowing. It was found that 80kg N/ha or 40kg N/ha at sowing 
time yielded more seed than control in both season, while 
split application of N proved significantly superior than 
single application. It was also found that seed yield was not 
affected by irrigation levels in either of the seasons. 
Dhillon and Dhillon (1989) conducted a field 
experiment on Brassica juncea in a randomized block design 
to study the effect of three levels of nitrogen viz. 75, 100 
and 150kg N/ha and three methods of its application. 
Nitrogen was applied as full amount at sowing (Mi), half at 
sowing and half one after sowing (M2) and three equal 
splits; one at sowing and other two, one and two months 
after sowing (M3). A control without nitrogen was also 
included. Phosphorus (through triple super phosphate) and 
sulphur (through gypsum), at the rate of 40kg P205/ha and 
30kg S/ha respectively were applied basally at the sowing. 
The soil was sandy loam having low organic carbon and 
available nitrogen. It was observed that grain yield response 
to applied N was quadratic in nature and the application of 
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N upto both grain and straw yield. It was observed that 
application of N in two or three splits was as effective as its 
application in a single dose at the time of sowing. It was 
also noted that increasing levels of N upto 150kg/ha 
significantly enhanced the uptake of N, P, K and S. 
However, the effect of 75kg N/ha and 100kg N/ha on the 
uptake of these nutrients was not significant. With increase 
in levels of applied N from 0 to 150kg/ha, the uptake of N, 
P, K and S increased from 27.3 to 82.8, 5.2 to 13.3, 48.6 to 
101.7 and 8.8 to 18.2kg/ha respectively. It was also noted 
that methods of N application did not have any significant 
effect on nutrient removal by raya as in the case of yield. 
Khan et al. (1990) conducted a field experiment on 
mustard {Brassica juncea I.) in a randomized complete 
block design. They studied the effect of two basal doses of 
N and P in four combinations (N60P20, NeoPso, NgoP2o, 
N90P30) on the seed yield, pods/plant, hecto litre weight, oil 
content, oil yield and quality (acid, iodine and saponification 
values) of KRV-47, Pusa Bold, PR-18, RK-1467, RK-8201 
and Varuna varieties of mustard. A uniform basal dose of 
30kg K/ha was also given. They found that yield and its 
attributing characters were highest in N60P20, however, the 
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effect of this nutrient level was found at par with NeoPao for 
pods/plant, seed/pod, seed yield, oil content and oil yield. It 
was also observed that minimum iodine value and maximum 
saponification value was found with NeoPso and N60P20 
respectively. Among the varieties, Varuna performed best 
for all parameters studied. Regarding the nutrient and 
variety interaction, N60P20 x PR-18, N60P20 x RK-1467 and 
N60P30 X Varuna showing equal effect resulted in maximum 
seed and oil yields. Thus, Varuna was established to be 
high nutrient requiring variety whereas PR-18 and RK-1467 
as low fertilizer requiring cultivars. 
Bhardawaj (1991) conducted a field experiment to 
evaluate the performance of three varieties (Varuna, Pusa 
Bold and Kranti) of mustard {Brassica juncea L. Czern & 
Coss.) at four rates (0, 30, 60 and 90kg /ha) of nitrogen. It 
was found that Varuna gave significantly higher seed yield 
than Kranti owing to more number of branches as well as 
siliquae/plant. It was noted that nitrogen application 
significantly increased the seed yield linearly upto 90kg 
N/ha. Pusa Bold gave higher seed weight (1000 seed 
weight) than Varuna and Kranti owing to bold seed size. 
Varuna exhibited significantly higher seed and oil yield but it 
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did not differ s igni f icant ly with Pusa Bold during 1987-88. 
The seed and oil y ield of Pusa Bold and Kranti were also at 
par. 
Gupta and Azad (1992) conducted exper iment on raya 
{Brassica juncea L.) var. RLM-514 in randomized block 
design f ield to observe the effect of n i t rogen and 
phosphorus. Four levels of N (0, 50, 75 and lOOkg/ha) and 
three levels of P2O5 (0, 20 and 40kg/ha) were appl ied in two 
f ie ld exper iments. It was found that fer t i l izer levels gave 
s igni f icant ly higher yield than that of control (800kg/ha) at 
Kapurthala except for N50P0 (867kg/ha), N100P0 (1011 kg/ha) 
and N 75P40 (955kg/ha). The highest seed yield of 1222kg/ha 
was given by N50P20 dose; however, the value was at par 
with those for other levels except with those for N50P0 and 
N75P40- At Samala, also, ail the fer t i l izer levels y ie lded 
signi f icant ly higher than that of control (732kg/ha) except 
N50P0 (866kg/ha). The highest seed yield of 1583kg/ha was 
noted in N100P20, which was signi f icant ly more in compar ison 
to all other fert i l izer levels except N100P40 
(1449kg/ha) . 
These results endorsed the appl icat ion of P along wi th N for 
better yield of raya. It was also observed that appl icat ion of 
100kg N/ha along with 20kg P205/ha recorded the highest 
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yield and gave maximum profit of Rs. 1906.60, which might 
be optimum fertilizer dose for raya variety RLI\/I-514. 
Punia et al. (1993) in a simple randomized block 
design experiment studied the effect of three levels of 
phosphorus (20, 40 and 60kg/ha) on two varieties of 
mustard {Brassica juncea L.), namely "Pusa Kranti" and 
"Varuna". The data revealed that application of 40kg 
P205/ha was superior to 20kg P205/ha and increased the 
siliquae/plant and seed yield/plant due to 40kg P205/ha was 
increased over 20kg P205/ha by 7.7 and 9.9% respectively. 
Application of 40kg P205/ha gave the maximum seed yield, 
however, it was statistically at par with that given by 60kg 
P205/ha. It was also found that 40kg P2O5 gave the highest 
oil yield (6.5q/ha), which was 18.2 and 10.2% higher than 
those given by 20 and 60kg P205/ha respectively. It was 
also noted that the varieties differed significantly for number 
of siliquae/plant, seed yield/plant, test weight, seed yield 
and oil yield/ha. Variety 'Varuna' proved better for almost ail 
the parameters studied as compared to 'Pusa Kranti'. It was 
concluded that maximum net return of Rs. 10,603/ha and 
benefit cost ratio of 4:3:1 was obtained in 'Varuna' in 
combination with 40kg P205/ha. 
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Shukia and Kumar (1994) conducted a split plot field 
experiment to study the comparative performance of six 
varieties of Indian mustard {Brassica juncea) and influence 
of rates of nitrogen application on dry matter accumulation, 
nitrogen content, its uptake and seed yield in two years 
(1987-88 and 1988-89). The treatments comprised six 
varieties of mustard ('Krishna', 'Varuna', 'Vardan', 'Kranti', 
'Rohini' and 'Pusa Bold') in main plots and four nitrogen 
rates (0, 40, 80 and 120kg/ha) in sub-plots. It was observed 
that dry matter accumulation in stem were higher in 'Kranti ', 
'Vardan' and 'Krishna' that 'Rohini', 'Pusa Bold' and 
'Varuna' at 65 and 95 days stage during both the years. The 
dry matter content in leaves of 'Varuna' was significantly 
lower than that of other varieties while the total dry matter 
at 95 days stage in 'Kranti' and 'Vardan' was at par. It was 
also noted that N content in stem and seeds was also higher 
in 'Vardan' than 'Varuna' and 'Rohini'. They noted that N 
uptake was significantly higher in 'Vardan' and positively 
correlated with the seed yield while the values for seed yield 
of 'Vardan', 'Krishna' and 'Kranti' found at par. Application 
of N uptake 120kg/ha proved optimum and proved 
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significant effect on dry matter accumulation in different 
plants as well as seed yield during both the years. 
Tomer et al. (1996) conducted a field experiment on 
sandy clayey loam soil to study the response of Indian 
mustard {Brassica juncea L. Czern & Coss.) varieties to 
different levels of NPK. The design of the experiment was 
randomized block design. The treatments comprising four 
mustard varieties ('Varuna', 'Pusa Bold', 'Prakash' and 'RH-
8113') and four levels of fertilizers (no fertil izer, 40kg N + 
20kg P2O5 + 20kg K2O, 80kg N + 40kg P2O5 + 40kg K2O and 
120kg N + 60kg K2O5 + 60kg K20/ha) were replicated four 
times. The entire dose of P and K fertilizers was applied at 
the time of sowing and half dose of N applied at the time of 
sowing and remaining half at first irrigation. The data 
revealed that increasing levels of fertilizers upto 120kg N + 
60kg P2O5 + 60kg K20/ha significantly enhanced the plant 
height, number of branches, dry matter accumulation/plant, 
number of siliquae/plant, 1000 seed weight, seed and oil 
yield. It was also noted that all these growth and yield 
attributes were significantly higher in 'Varuna' and 'Pusa 
Bold' than 'Prakash' and 'RH-8113'. Regarding the 
interaction effect, 'Pusa Bold' significantly increased the dry 
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matter/plant upto 120kg N + 60kg P2O5 + 60kg KzO/ha. 
Variety 'Varuna' at 80kg N + 40kg + 40kg KzO/ha gave the 
same yield as obtained with 120kg N + 60kg P2O5 + 60kg 
KzO/ha in var. 'Pusa Bold'. Varieties 'Prakash' and 'RH-
8113' gave lower yield than 'Varuna' at both these levels. 
Patel et al. (1996) conducted two field experiment to 
study the effect of FYM (farmyard manure), nitrogen and 
source of fertilizers on growth and yield of mustard 
{Brassica juncea L. Czern & Coss.) in 1992-93 and 1993-94. 
There were eighteen treatments comprised of three levels of 
FYM (0, 10 and 20 tonnes/ha) and nitrogen (25, 50 and 
75kg/ha) along with two sources of fertilizers (S-free source: 
Urea + DAP and S-containing source: Ammonium Sulphate + 
Single Super Phosphate (AS + SSP). The design of the 
experiment was split-plot design. Sampling was done at 30, 
50 and 70 days after sowing for the growth analysis. It was 
observed that FYM application at 10 tonnes/ha significantly 
increased the LAI, CGR and dry matter accumulation per 
plant at almost all the stages during the first and in pod led 
analysis. They also noted that application of 75kg N/ha gave 
maximum value for LAI and CGR and while 50kg N/ha had 
maximum value for RGR and NAR at almost all the growth 
stages during both the years. It was also found that among 
the fertilizer sources, sulphur containing source (Ammonium 
Sulphate + Single Super Phosphate) increased all the 
growth parameters at almost all the growth stages. Dry 
matter accumulation and seed yield were found maximum in 
20tonnes/ha FYM, 75kg N/ha and fertilizers sources having 
sulphur. ;^ ^ 7 , ^ ^ jfrt^^^ ^ ^ . ^f y .^r ^'cA -fc, j^'^ ^ '^w- , 
Cc djurfsif . -fLj, Uy^f'J f^yjc^tc CA^JU^ Jf^M^ vct^^a^ «^ " '^Jir^' 
2.6 Vitamins ^..r j ^ ^ ^ ^ OMA^H. -C -KJ -«>^ fcae** tai^fc a^ y^^e^*^ 
Vitamins are organic compounds, which are required in 
trace amount to maintain normal growth and proper 
development of organisms. However, they do not provide 
energy and are not utilized as building blocks for the 
structure of organism. These compounds act as co-enzymes 
in a number of enzymes systems and thus take part in the 
regulation of metabolism. Their importance was first 
recognized in animals and thereafter in plants because the 
latter are autotrophs and synthesize these substances with 
the probable expansion of vitamin D (Schopfer, 1949). 
The studies on vitamin are grouped under three 
following distinct periods for the listed point of view: 
(i) First period, this is characterized by the recognition of 
the existence of vitamins in different organisni^ 
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(ii) This period^mainly devoted to the isolation of a number 
of vitamins in pure form and to the elucidation of their 
chemical structure. 
(iii) The third and final period ^characterized by the 
recognition of these, compounds (which known for a 
long time to jsb^ dloeneficial effect on the growth of 
micro-organisms and animals) were also necessary for 
the growth of higher green plants (Bonner and Bonner, 
1948; Abery, 1961; Samiullah et al., 1988). 
Funk in 1912 was the first to isolate an amine from rice 
husk and polishings that alleviated the symptoms of the 
disease "beriberi". He also proposed the generic term 
"Vitamine" for it (Lehninger, 1982). Drumond in 1920 
dropped the terminal "e" of "Vitamine" because many of the 
compounds of this group were not amines. The term 
"Vitamin" coined by him was accepted by later 
vitaminologists. McCollum and Davis in 1915 classified all 
vitamins into two groups (i) fat soluble and (ii) water 
soluble. The fat soluble vitamins included A, D, E and K 
while water soluble vitamins covered B and C. B-vitamins 
covered a series designated as Bi , B2, Be, 612-
Later on the basis of their chemical behaviours, they were 
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named as thiamine, riboflavin, pyridoxine, cyanocobalamine. 
Tlie role of B-vitamins in plants have been elucidated to 
some extent during first half of the present century (Bonner 
and Bonner, 1948). After discovery of vitamins and their role 
in metabolism, it became essential to limit their sphere of 
nature and function. Such approach was made in a book 
entitled "Vitamins and Co-enzymes" by Wagner and Folkers 
in 1964 where vitamins were defined as: 
(a) an organic compound, 
(b) component of natural food but distinct from 
carbohydrates, fats or proteins, 
(c) present in normal food in extremely small concentration, 
(d) essential for normal growth and development, 
(e) covering specific deficiency symptoms when absent or 
not properly absorbed from the diet, and 
(f) not synthesized by the host. 
Ironically, the physiological roles of vitamins in plants 
are not as clearly understood as in animals. However, 
synthesis, distribution, translocation and functions of B-
vitamin were investigated to some extent in plants during 
the first half of the present century after aseptic cultivation 
of excised plant parts became possible. These studies 
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indicated tliat most B-vitamins are synthesized in leaves 
and were subsequently translocated to the sets of action via 
the phloem. These vitamins have been proved to be 
indispensable for growth and differentiation of excised 
organs, particularly roots. These facts led to the 
establishment of B-vitamins as plant hormones and 
encouraged agricultural scientists to test them for 
augmenting the performance of various crops. Bonner and 
Bonner (1948) presented excellent review, dealing with 
synthesis, distribution and translocation of these vitamins in 
plants and with their role in in vitro cultivation of excised 
organs including stem cuttings. Some literature is also 
available where vitamins were known to be applied in the 
field and pot conditions and their beneficial effect were also 
observed (Oertii, 1987; Samiullah et al., 1988). 
2.6.1 Thiamine (Vitamin Bi) 
Thiamine was first isolated in pure form by Jansen and 
Donath in 1926 and its empirical formula (C12H18N4OSCI2) 
was proposed by Robert R. Williams in 1936 (Rosenberg, 
1942). Thiamine has two-ring system, a pyrimidine and a 
thiazole which are unified by a methylene bridge (Fig A). 
The pyrimidine is unique in that it is the only natural 
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pyrimidine containing an alky! group at C2. It is interesting 
to note that plants can use a mixture of pyridimine and 
thiazole compounds in place of thiamine (Robert and 
Bartiey, 1937; Jain, 1998). 
Thiamine is a white crystalline substance, readily 
soluble in water, slightly so in ethyl alcohol but insoluble in 
ether and chloroform. 
Thiamine is phosphorylated with ATP to form thiamine 
pyrophosphate (TPP), which is also called diphosphorus 
thiamine (DPT). 
Thiamine pyrophosphate is the active form of thiamine 
and participates in many enzymatic reaction as co-enzyme 
in which an aldehyde group is transferred from donor to an 
accepter such as decarboxylation of a-ketoacids notably 
pyruvic and a-ketoglutaric and transketolation (Lehninger, 
1982). 
It may be added here that although considerable work 
has been on the metabolic role of thiamine in animals, the 
same cannot be said about plants. In view of this and on 
account of its close relationship with other members of the 
B-vitamins, it is proposed to review in the following pages of 
the literature pertaining to the group as a whole with 
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particular emphasis on thiamine because of the specificity of 
the present research problem. 
2.7 Crop responses to vitamins 
Almestrand (1950) determined the vitamin requirement 
of isolated roots of wheat for culturing in vitro. Three 
vitamins viz. thiamine, niacin and pyridoxine were tested. It 
was observed that only pyridoxine was necessary for growth 
of wheat roots. It was also noted that pyridoxine acted 
through accelerating meristematic cell division. 0.5 to 1.0mg 
per litre of pyridoxine solution at 27°C - 28°C was found 
optimum for the optional performance of wheat roots. 
In an other study Almestrand (1951) studied the effect 
of pyridoxine and two related compounds on the growth and 
metabolism of the nine strains of wheat, six of barley, nine 
of oats and one of rye. It was found that the growth of the 
nine wheat strains was generally accelerated by the addition 
of pyridoxine but in various degrees. Thus, three strains 
namely Ergo 11, Virtus and Pondus did not respond to this 
vitamin. It was also noted that all the strains of barley, oats 
and rye were irresponsive of pyridoxine treatments. Based 
on the observation it was suggested that their growth seems 
to be regulated at least partly by other factors than the 
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wheat roots. In relation to the effect of pyridoxine on 
metabolism, two wheat strain namely Eroica-pyridoxine 
sensitive and Virtus-pyridoxine insensitive were selected. It 
was noted that the absorption of glucose and ions 
(phosphate and nitrate) in eroica wheat was significantly 
increased as the result of pyridoxine effective. \l)pp(^y\rius 
did not show any response to pyridoxine treatment as for 
these two parameters were concerned. Furthermore, it was 
noted that activity of pyridoxine derivatives i.e. 
pyridoxamine and pyridoxal showed similar effect to their 
mother compounds. 
Ijima (1952) soaked the seeds of Kentucky wonder and 
master piece Kidney bean. Golden Bantan mair and 
Mijashige Japanese radish in solution of various 
concentration of vitamin Bi (Thiamine) ranging from 
0.0000001 to lOOppm. Vitamin Bi was found to function as 
an activator of germination and accelerating the growth of 
plumules and radicals especially at an early stage of 
germination, it was noted that the germination In old seeds 
was also increased. Optimum concentration of vitamin Bi 
was found to be O.OIppm. Vitamin Bi in cotyledons, plumule 
and radical was recorded and found that concentration as 
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well as amount per seed of vitamin Bi decreased as dry 
matter decreased in dark but increased rapidly under light. 
Measurement of the amount of both free and ester type of 
vitamin in 1 to 4 years old seeds enhanced that 
concentration of both types of the vitamin decreased with 
age. 
Lee and Whaley (1953) studied the growth of excised 
tomato roots at weekly intervals for 4 weeks grown in 
culture media (a) without vitamin supplement or (b) with 
individual or combined vitamin supplement of thiamine, 
niacine and pyridoxine. It was observed that growth in all 
media was same in first week. The roots, cultured in media 
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containing thiamine or combinations of any two or three of 
the vitamins showed more growth than in other media. 
However, during third and fourth weeks, growth in all 
cultures decreased. Therefore, the best period for 
investigation was suggested to be second and third weeks. 
Boll (1954) observed the effect of pyridoxine on growth 
of excised tomato roots. It was noted that roots required 
nutrition of thiamine, pyridoxine and niacin for optimal 
growth. However, thiamine showed none or less similar 
effect to pyridoxine maintained growth. Moreover, pyridoxine 
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was replaceable by pyridoxal or pyridoxamine and showed 
their order of effect was pyridoxal > pyridoxine > 
pyridoxamine. Likewise, niacine was replaced by 
niacinamide, which was provejeTmore effective. Glycine was 
also found to replace pyridoxine, which was more 
pronounced in the presence of niacine. The glycine and 
pyridoxine showed similar influence on morphology of roots 
but the effect of glycine was on the initiation of laterals. It 
was suggested that morphology of roots was controlled by a 
balancelsupply of growth factors into the medium. 
Fries (1955a, b) investigated the importance of 
thiamine and pyridoxine for the growth of pea seedlings in 
agar nutrient medium supported by niacinamide and various 
amino acids (arginine, glycine and adenine). lOpg/litre 
thiamine and lOOpg/litre pyridoxine was found optimum to 
maintain the normal growth of the seedlings. The other 
features of the growth and development of the seedlings 
were influenced differently by thiamine, pyridoxine and 
niacine. It was noted that, in light, the addition of the amine 
controlled the rate of growth to a certain degree. 
lijima (1955) studied the effect of foliage thiamine 
spray on the growth and yield of five varieties of sweet 
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potato. It was observed that spray of thiamine solution on 
the leaves promoted root growth, advanced the number and 
length of root and also increased the fresh weight of stem 
and leaves, and also increased percentage of large storage 
roots. Moreover, the effectiveness of the spray was better in P^ 
first half than the latter half of the growing period. 1ppm 
thiamine concentration proved,optimum when 2ml/litre of the 
solution was sprayed on one plant at intervals of 10 days. 
The effect was more pronounced on the roots than the 
shoots. 
Cajlahjan (1956) studied the effect of vitamins on the 
growth and development of plants. The study was done for 
three years. Vitamin C (ascorbic acid), vitamin Bi (thiamine) 
and nicotinic acid, potassium permaganate, boric acid and 
thiourea were applied to the plants by vaccume-in-filteration 
or by spraying. It was observed that thiamine accelerated 
flowering in perilla and maize and nicotinic acid in soybean, 
perilla, maize and wheat and stimulated the growth of 
wheat. It was also observed that the effect of other 
compounds (potassium permaganate) were similar to that of 
vitamins. 
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l i j ima (1956a) studied the effect of leaf-applied 
thiamine on respiration of potato, sweet potato and kidney 
bean. It was found that respiration of leaves and roots was 
increased by moderate concentration of the vitamin of 1ppm 
to lOOppm. It was suggested that thiamine promoted foliar 
decomposition of carbohydrate. Further, lijima (1956b) 
reported the result of the foliar application of thiamine in 
relation to chemical composition of the above-mentioned 
crops. It was observed that spray of thiamine slightly 
increased the sugar, starch and thiamine contents of the 
bean seeds. It also increased the carbohydrate content and 
C/N ratio of stems, leaves and roots. On the basis of these 
observations, it was concluded that the treatment of 
thiamine promoted root development and flower bud 
differentiation and shortened the growing period. 
Aizikovik (1967) reported that soaking of rice seeds in 
vitamin Bi (thiamine) and B2 (niacin) increased the yield by 
9.0% as compared to water soaked control plants (39.8kg 
grains/ha). It was also noted that emergence of plants/m^ 
was higher in treated seeds as compared with that of control 
and gave 130 plants/m^ while control produced 164 
plants/m^. 
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Gutamanis (1967) noted that soaking of pea seeds in 
0 .01% vitamin Bi (thiamine) increased the yield of pea by 
15%. Further, it was observed that seed treatment with 
vitamin C, pyridoxal phosphate and vitamin Bi increased 
vitamin content of the crop by an average of 12% and total 
sugar content by 40%. 
Ovcharov and Kulieva (1968) soaked cotton seeds in 
pyridoxine solution and sown them with different sources of 
nitrogen and phosphorus fertilizers. The soaking with 
vitamins enhanced germination slightly. The area of the first 
leaf was increased two to three folds. Effectiveness of 
vitamin depended upon the forms of fertilizers used. Root 
length treated seedlings was more in the presence of 
ammonium sulphate than that of untreated seedlings and 
was less with nitrate. Vitamin Be (pyridoxine) also increased 
nitrogen and phosphorus contents in two days old seedlings, 
which were more in plants receiving potassium dihydrogen 
orthophosphate than those receiving superphosphate. 
Zanenyagina and Bukin (1969) in water culture 
experiment studied the effect of number of antagonists of 
pyridoxine and vitamins of Be group. On the germination and 
viability of seeds, development of root system and above 
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ground portions of the pea and wheat seedlings. The 
antagonists of pyridoxine were 4-methoxymethyl-3-
deoxypyridoxal, 2-methyl-4-amino-5-hydroxymethyl 
pyrimidine, toxopyrimdine, isonicotinylhydrazide and 
pyridoxal isonicotinoylhydrazone and vitamins of Be group 
were pyridoxal, pyridoxamine and pyridoxal phosphate. 
Pyridoxine antagonists were added into Knop's nutrient 
medium in a concentration ranging from 10"^M to 10'^M. 
These concentrations of pyridoxine antagonists suppressed 
the germination rate and growth of roots and above ground 
portions of the seedlings of both species. The nature of the 
action of pyridoxine antagonists was determined by their 
chemical nature. Toxopyrimidine (IC'^-IO"^) sharply lowered 
the content of chlorophyll and (3-carotene in the leaf blades 
and the content of cytochrome b in the roots of six day 
wheat seedlings. The symptoms appeared by Be 
avitaminosis (growth lag, chlorosis) was partially or entirely 
prevented by the introduction of the pyridoxine into the 
nutrient medium. The vitamin of Be-group also stimulated 
the growth of normal wheat and pea seedlings and 
enhanced the chlorophyll content in the leaves. 
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Genkel (1970) studied the effect of pre-sowing seed 
treatment with nicotinic acid and nicotinamide solution on 
grain yield and protein content of winter wheat cv. 
Uljamovka. The seeds were soaked for 12hrs in (a) 0.005%, 
(b) 0.05% and (c) 0.5% of nicotinic acid solution and in (d) 
0.05% and (e) 0.5% of nicotinamide solution. It was 
observed that the seed yield increased from 16.7q/ha in the 
control to 21.8 by (a), 18.8 by (b) and 24.5q/ha by (d). 
However, the seed yield was reduced to 14.3q/ha by (e). 
Seeds soaked in (a), (b), (c), (d) and (e) contained 89.2, 
100.2, 96.3, 87.9 and 80.3mg protein/g dry matter 
respectively compared with 82.7mg in untreated seeds 
(control). 
Senebryakova (1971) soaked the seeds of Rosa 
einnamomea in ether 0.01% nicotinic acid or 0.02% vitamin 
Bi (thiamine). He noted that soaking treatment hastened 
germination by 3-4 days and increased emergence of 
seedlings by 43 and 5 1 % respectively as compared to 
control. It was further noted that treatment with vitamin Bi , 
B2 or nicotinic acid stimulated growth and synthesis of 
ascorbic acid and increased plant productivity. 
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Gopala Rao (1973) studied the effect of riboflavin on 
growth, respiration, chlorophyll and protein contents in 
green gram {Phaseolus radiatus Linn.) var. GG-525. The 
seeds of green gram were germinated in sterilized 
peti^idishes. On the third day, the root system of the 
seedlings was washed and transferred to fresh and 
sterilized petridishes containing 10ppm concentration of 
riboflavin (vitamin B2) as lower concentrations found 
ineffective. The vitamin treatment was given only for 24hrs. 
(i.e. upto the fourth day). The seedlings were grown in light 
, of 2,000 Lux. It was noted that chlorophyll content was 
18.92% more than that of control on the fifth day and 13.9% 
more on the sixth day with an initial delay in the synthesis 
on fourth day in riboflavin treated seedlings. An initial 
stimulation of respiration was noticed upto the fifth day with 
riboflavin treatment. An initial delay (on the fourth day) 
followed by stimulation in protein synthesis upto sixth day 
was also observed as seen in chlorophyll content. It was 
indicated that riboflavin as one of the B-group vitafnins also 
increased growth, chlorophyll and protein synthesis as a co-
enzyme of flavin nucleotides. 
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Radzevicius and Bluzmanas (1975) performed water 
culture and field experiment to study the effect of seed 
treatment of tomato with thiamine and nicotinic acid. In 
water culture experiment, they observed that both vitamins 
increased growth and absorbing surface of the roots. Field 
trial showed that soaking treatment increased the 
chlorophyll and vitamin content in leaves. The plants raised 
from soaking treatment gave 23% to 30.2% more yield than 
those of control plants. 
Ohira et al. (1976) studied the thiamine requirement of 
cells of several plant species in suspension culture. It was 
found that omission of thiamine from the medium caused 
rapid and complete cessation of growth in sub-culture of 
soybean, tobacco and rice cells. The initial level of thiamine 
in these cells was 0.6, 0.5 and 0.2pg/g dry weights 
respectively. Furthermore, it was found that thiamine 
precursors viz. mixture of thiazole and pyrimidine increased 
the growth of soybean cells satisfactorily. On the other 
hand, Ruta and Peanut cells successfully sub-cultured for 
10 passages in the absence of externally supplied thiamine. 
It was noted that Ruta cells had average thiamine content of 
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0.5-0.6fjg/g dry weights in darkness and 3.5[jg/g dry weights 
in light when grown without thiamine. 
Reda et al. (1977) studied the effect of thiamine and 
ascorbic acid on growth and chromonome yield of Ammi 
visnaga L.V. Thiamine was applied at 50mg/l by seed 
soaking (48hrs) or as foliar spTay treatment. It was found 
that thiamine promoted root, stem, leaf, umbel and fruit 
growth of Ammi visnaga and increased the levels of total 
chromonomes and their main components, khellin and 
visnagin in the fruit. They also noted that ascorbic acid 
increased growth and fruit chromonomes contents when 
applied to the seeds at 50 and 100mg/l. 
Brar and Singh (1982) studied the effect of certain 
chemicals on the distribution of biomass and productivity of 
cotton G. hirsutum (var. F-414). The experiment was 
conducted on the loamy sand soil. 30kg P205/ha was 
applied in the form of single superphosphate by broadcast 
at the time of seedbed preparation. 60kg N/ha was applied 
in two equal splits, first half at the time of first irrigation and 
remaining half at the flowering stage of the crop. The 
experiment was laid out according to randomized block 
design. The seeds were soaked in four chemicals viz. Ethrel 
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(5ppm), GA3 (lOOppm), succinic acid (lOOppm) and nicotinic 
acid (140ppm) and water (control). It was found that GA3 
significantly increased the hypocotyl length and dry weight 
of the above ground parts of the seedlings but reduced dry 
weight of the roots. It was found that succinic acid increased 
the length of the root significantly over the other treatments 
including control. GA3 and succinic acid increased the dry 
weight of above ground parts of the cotton seedlings 
significantly over the other treatments but the difference 
between GA3 and succinic acid treatments was non-
significant. It was also observed that nicotinic acid 
significantly increased the weight of seed cotton per boll 
over all other treatments during both the years of study. The 
increase varied from 16.8 to 24.5%. Nicotinic acid also 
increased the seed cotton yield over ethrel, GA3 and water 
soaked treatments. The increase varied from 5.7 to 41.4%. 
It was also suggested that number of bol per plant and 
weight of seed cotton per boll were two main characters 
which could have been responsible for increasing the seed 
cotton yield in favour of nicotinic acid and the increase in 
cotton yield was 16.5% more as compared to control. As for 
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as seed cotton yield was concerned, the nicotinic acid 
proved best among all chemical used. 
Kodandaramiah and Gopala Rao (1984) studied the 
effect of B-vitamins, antibiotics and their interaction on 
some aspects of photosynthetic carbon metabolism in the 
primary levels of green gram {Vigana radiata L. Wilczek). 
The seeds were soaked in thiamine, riboflavin, pantothenic 
acid, pyridoxine, niacin and folic acid; antibiotics (penicillin 
& tetracycline), separately and in combination, at a 
concentration of 20mg/l, 100mg/l and 20mg/l + 100mg/l 
respectively. Seeds soaked in distilled water were 
considered as control. It was found that B-vitamins 
enhanced the rate of photosynthesis, photochemical 
reaction, protein, chlorophyll and dry weight significantly. It 
was observed that tetracycline inhibited photosynthesis but 
it was effectively reversed by all the B-vitamins. Penicillin 
promoted photosynthesis, protein, chlorophyll and dry 
weight and its interaction with B-vitamins was found 
synergistic. Among the B-vitamins, niacin proved best, 
followed by pyridoxine. Furthermore, it was suggested that 
these vitamins could act as potent activators of transport. 
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Kodandaramiah and Gopala Rao (1984) studied the 
influence of B-vitamins on photosyntliesis by isolated 
chloropiasts of Cyamopsis tetragonoloba L. Taub., var. PNB. 
On the basis of preliminary screening, the following optimum 
concentrations of B-vitamins were selected for the 
investigation. Thiamine (200mg/l), riboflavin (50mg/l), niacin 
(200mg/l), folic acid (100mg/l), calcium pantothenate 
(200mg/l) and pyridoxine hydrochloride (100mg/l) were 
applied in the form of foliar spray once at 15 days after 
sowing and another at 30 days after sowing for a second 
time. Leaves were collected at two vegetative stages 
(stages 1 and 2) and two reproductive stages (stages 3 & 4) 
of plant growth at one-week intervals. The rate of ^'*C02 
assimilation by isolated chloropiasts from the leaves of 
control as well as vitamin treated plants {in vitro) and 
exogenous influence of vitamins at different concentration 
on the chloroplast from control leaves {in vitro) were 
determined. It was observed that interaction of vitamins at 
higher concentrations ranging from 50 to 200mg/l on 
isolated chloroplast {in vivo) i.e. chloropiasts isolated from 
the leaves after receiving foliar spray stimulated 
photosynthetic carbon fixation. On the other hand, direct 
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action of vitamins (in vitro) above 50mg/l concentration (i.e. 
isolated chloroplast from control plants incubated in vitamin 
solution) resulted a diminished carbon fixation. All the 
vitamins viz. thiamine, riboflavin, niacin, pyridoxine, 
pantothenic acid and folic acid significantly increased 
photosynthetic carbon fixation by isolated chloroplast {in 
vivo). Vitamin at 5mg/l was found to be optimal in enhancing 
carbon fixation by isolated chloroplasts {in vitro). 
Gopala Rao and Raghava Reddy (1985) studied the 
influence of B-vitamins on the absorption of Ca, Na, K and P 
of Vigna radiata var. PS-16 seedlings. It was found that B-
vitamin (20mg/l) enhanced the uptake of all the major 
elements. Thiamine and biotin were found less effective in 
increasing P uptake while pyridoxine, pantothenic acid and 
nicotinic acid have profound effect on the absorption of K, 
Na and Ca. It was argued that K uptake in high amount 
favoured stomatal opening, which ultimately affected 
gaseous exchange resulting in increased photosynthates 
formation, thereby, increasing plant growth. Hence, it was 
concluded that B-group vitamins were highly efficient in 
enhancing ion uptake. 
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Ahmad et al. (1986a) conducted a field experiment 
according to factorial randomized block design with five 
barley varieties, namely 'NP13', 'NP21', 'K572/10', 'K572/28' 
and Clipper to study the effects of pre-sowing seed 
treatment with pyridoxine. The barley seeds were soaked in 
0.0% (water control), 0.02%, 0.1% or 0.5% pyridoxine 
hydrochloride solution for 24hrs. Uniform basal dose of 80kg 
N, 30kg P and 40kg K/ha were applied at the time of sowing 
in the form of urea, super-phosphate and muriate of potash 
respectively. It was found that pyridoxine treatment 
significantly enhanced the ear number and ear weight/plant, 
grain number/ear, and grain and straw yield. Varietal 
differences for all the ear characteristics were significant. 
Treatment x Variety interaction was significant for all ear 
characteristics except ear number/plant. The combination 
0.02% pyridoxine x 'K572/10' gave the best result. 
In other study, Ahmad et al. (1986b) reported the 
effect of above-mentioned treatment on quality of seeds and 
yield attributes of barley varieties. The treatment 
significantly affected 1000-grain weight, grain carbohydrate 
and protein percentage but the differences were not marked. 
At harvest, varietal variation was found in grain quality. 
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Variety 'K572/28' gave the highest 1000-grain weight, grain 
carbohydrate and protein percentage, while 'NP13' was the 
lowest yielder. Treatment x variety interaction was 
significant for 1000-grain weight and grain protein 
percentage. 
Ansari and Khan (1986) conducted a simple 
randomized field trial on summer moong var. K-851 to study 
the effect of pre-sowing seed treatment with 0.0, 0 .1 , 0.2, 
0.3, 0.4 and 0.5% aqueous pyridoxine hydrochloride solution 
for 4hrs. It was observed that all growth characteristics viz. 
plant length, leaf number, fresh weight and dry weight per 
plant were significantly affected by pyridoxine treatment at 
30, 40 and 50 days growth whereas plant length was also 
affected at 20 days. Pyridoxine supply at 0.3% was found 
optimum for all growth parameters except for plant length at 
20 days, which was significantly maximum in 0 . 1 % 
pyridoxine solution. It was because of less amount of 
pyridoxine is needed at early stage. Data revealed that plant 
height, leaf number, fresh and dry weight were enhanced by 
20.2, 18.2, 27.8 and 23.6%^at 30 days growth, 7.2, 22.3, 
66.7 and 50.0% at 40 days growth and 9.6, 24.1 , 18.4 and 
50.0% at 50 days growth in 0.3% solution compared to water 
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soaked control. It was noted that NAR was significantly 
affected by soaking treatment at all growth intervals i.e. 20-
30, 30-40 and 40-50. 0.3% pyridoxine solution again provej^^^^Ajp 
best and enhanced the NAR by 19.3 (20-30 days interval), 
50.2 (30-40 days interval) and 49.7% (40-50 days interval). 
It was also noted that at all three intervals, there was strong 
correlation (P<1%) between NAR and seed yield. However, 
the seed protein content was correlated with NAR at 30-40 
and 40-50 days growth only. At harvest, it was found that 
pod number/plant, pod length, seed number/pod and 1000-
seed weight were significantly affected by pyridoxine 
treatment and 0.3% pyridoxine solution proved .optimum for 
all parameters except 1000-seed weight. 0.3% pyridoxine 
enhanced the pod number, pod length and seed number/pod 
by 45.0, 18.9 and 42.6% respectively over the control. On 
the other hand, 1000-seed weight decreased by 6.2% in 
0.3% pyridoxine solution compared with control. It might be 
due to distribution of photosynthates to other organs. 
Gopala Rao et al. (1987) studied the effect of foliar 
spray of B-vitamins on the protein component of cluster 
beans {Cyamopsis tetragonoloba L. Taub). The following 
concentrations of vitamins viz. thiamine hydrochloride 
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(200mg/l), riboflavin (50mg/l), calcium pentothenate 
(200mg/l), pyridoxine hydrochloride (100mg/l), niacine 
(100mg/l) and folic acid (100mg/l) were selected. Aqueous 
solution of each vitamin with 0.01% (v/v). Tween-80 as 
wetting agent was applied as foliar for four times i.e. 22, 30, 
37 and 44 days after sowing which represent stages 1, 2, 3 
& 4 respectively. It was found that treatment of cluster 
beans with vitamins resulted in an increase in the total 
nitrogen and protein concentration of pods. Niacine, 
pantothenic acid and pyridoxine proved^best for increase in 
nitrogen fraction while thiamine was least at stage 3. At 
stage 4, pantothenic acid, niacine, thiamine and pyridoxine 
gave maximum value whereas riboflavin the least. It was 
found that there was significant increase in water 
extractable protein of young fruits at stage 3 and 4. This 
quantitative change in protein fraction was clearly reflected 
in electrophorogram. Treatment with vitamins resulted in the 
appearance of several additional new bands. Riboflavin and 
pyridoxine were found highly effective in causing the 
appearance of new proteins in the leaves. The new bands of 
proteins in the vitamin treated cluster bean fruits might be 
due to de novo synthesis of new proteins or formation of 
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peptides as degradative products due to proteases acting on 
high molecular weight proteins. It was concluded that B-
group vitamins have profound effect on qualitative and 
quantitative changes in the protein component of the whole 
plant. 
Ansari (1988) in a simple randomized block design 
experiment studied the effect of foliar spray of pyridoxine at 
concentrations ranging from 0.0 (water control) to 0.2% on 
field grown Vigna radiata L. Wilczek var. K-851 either at 
flower initiation (35 days) or at pod initiation (45 days). It 
was found that growth characteristics and net assimilation 
rate (NAR) were significantly affected by foliar spray. 0 . 1 % 
pyridoxine applied at flower initiation stage proved^optimum. 
It increased plant height by 17% at 45 and 55 days, root 
growth by 6% at 45 days, root nodule number by 36% at 45 
days, leaf number by 38% at 45 days and ^^% at 55 days, 
fresh weight by 87% at 45 days and 40% at 55 days, dry 
weight by 34% at 45 days, 3 1 % at 55 days and NAR by 34% 
at 35-45 days interval and 3 1 % at 45-55 days interval. Thus, 
it was found that flower initiation stage seems to be critical 
period for pyridoxine application. At this stage, competition 
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Stands between vegetative and reproductive growth for 
inhibitory pyridoxine per se. 
Khan et al. (1989) conducted a field experiment on 
mustard (Brassica juncea L. Czern and Coss. var. Varuna) 
and observed the effect of pre-sowing seed treatment with 
0.0 (water control), 0.5%, 0 .1% and 0.2%) aqueous 
pyridoxine solution. A uniform basal dose of 60kg N, 20kg P 
and 30kg K/ha was applied before sowing in the form of 
urea, mono calcium super phosphate and muriate of potash 
respectively. Sampling was done at 50, 70 and 90 days after 
sowing (DAS). Among various pyridoxine treatments, 0.05% 
gave significantly maximum value for fresh and dry weight of 
roots at all growth stages except dry weight of roots at 90 
DAS. The increase in fresh weight of root at 50, 70 and 90 
DAS due to 0.05% was 39.79, 37.21 and 34.05% 
respectively in comparison to water soaked control. The dry 
weight of root increased by 48.43% at 50 days and 57.12% 
at 70 DAS over the control due to 0.05% treatment. 
Chlorophyll a, b and total chlorophyll were also significantly 
affected by soaking treatment at all growth stages except 
chlorophyll b and total chlorophyll at 90 days. 0.05% 
pyridoxine solution again proved best for different 
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chlorophylls at all growth stages. This treatment increased 
chlorophyll a by 11.66% at 50 days; 31.11% at 70 days and 
28.49% at 90 days; chlorophyll b by 12.28% at 50 days and 
18.31% at 70 days and total chlorophyll by 14.02% at 50 
days and 17.35% at 70 days compared with water soaked 
control. Thus, it was concluded that soaking of mustard 
seeds in 0.05% pyrido ine ensured better growth and 
development. 
Ansari et al. (1990) conducted a field experiment on 
Lentil {Lens culinaris L. Medic cv. T-36) to study the effect 
of pre-sowing seed treatment with pyridoxine on various 
growth and yield characteristics. The seeds were soaked in 
0.1, 0.2, 0.3, 0.4 and 0.5% aqueous pyridoxine solution for 
12hrs. A uniform basal dose of 45kg N, 30kg P and 30kg 
K/ha were applied at the time of sowing in the form of urea, 
mono calcium super phosphate and muriate of potash 
respectively. The design of the experiment was simple 
randomized block design. It was found that vitamin treated 
plants showed better growth at 60, 90 and 120 days after 
sowing (DAS). Application of pyridoxine produced more dry 
weight, root nodule number, leaf area, leaf nitrate reductase 
activity (NRA) and leaf N, P and K content at all stages. 
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These characteristics were enhanced at one or more growth 
stages and varying levels of pyridoxine. Ir\ general, 0.5% 
pyridoxine did not prove better in comparison to controls 
and in some cases was found depressive. Net assimilation 
rate (NAR) during the periods 60-90 and 90-120 days were 
significantly affected by pyridoxine treatment and 0.3% gave 
highest values for various attributes. However, those of the 
0 .1% and 0.2% at 90-120 DAS equalbd the effect of 0.3% on 
NAR. Leaf nitrate reductase activity and N, P and K 
contents were significantly enhanced by pyridoxine 
treatment and 0.3% pyridoxine solution was found best for 
these parameters. It was also recorded that the highest 
number of pods/plant and seeds/pod were in the 0.5% 
treatment. However, in spite of this adverse effect, the 0.3% 
resulted in the highest seed yield per plant and per ha. It 
was also noted that 0.3% treatment gave 10.5%) kigher seed 
protein content than the water soaked control. 
Samiullah et al. (1991) conducted a factorial 
randomized field experiment on mustard {Brassica juncea L. 
Czern & Coss.) cv. Varuna to study the effect of pyridoxine 
as pre-sowing seed treatment and soil applied nitrogen and 
phosphorus fertilizers and of their interaction on the 
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performance of the crop. The seeds were soaked in water 
(control), 0.0125, 0.025, 0.05 and 0 .1% aqueous pyridoxine 
solution and thereafter they were sown with three 
combinations of nitrogen and phosphorus (N60P20, NgoPao 
and Neo+aoPao)- It was observed that 0.0125% pyridoxine 
treatiAent produced the plants with maximum length of main 
(tap) root, leaf number, dry weight and leaf N, P and K 
contents at 50, 70 and 90 days after sowing (DAS). Net 
assimilation rate (NAR) at 50-70 and 70-90 DAS intervals as 
well as pods/plant, seeds/pod, hecto-litre weight of seeds, 
oil content and yields of seed and oil at harvest were also 
enhanced by this pyridoxine treatment. Among three 
selected combinations of nitrogen and phosphorus, N60P20 
gave the highest values for all parameters studied. 
However, hecto-litre weight in N60P20 decreased due to 
increased number of pods/plant and seed/pod, which 
resulted in the distribution of photosynthates in a large 
number of sini^s (seeds), a "dilution effect" phenomenon. 
Regarding the interaction effect, it was noted that pyridoxine 
0.0125% x N60P20 exerted maximum effect on various 
parameters studied. However, its effect was at par with 
0.025 X N60P20 and 0.025 x NgoPso- It was concluded that 
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soaking the seeds in 0.0125% pyridoxine together with 60kg 
N and 20kg P/ha achieved 14.3% and 28.4% more seed and 
oil yield respectively than the water soaked control receiving 
90kg N and 30kg P/ha. This results in a net saving of 30kg 
N and 10kg P/ha. It was suggested that using pyridoxine as 
a pre-sowing seed treatment may reduce our dependence on 
synthetic fertilizers, economize mustard cultivation and 
curtail soil pollution. 
Samiullah et al. (1992) conducted a factorial 
randomized field experiment to study the effect of pyridoxine 
and phosphorus and of their interaction on the 
morphophysiological attributes of lentil (Lens culinaris L. 
Medic) var. T-36. The seeds were soaked in 0, 0.2, 0.3 and 
0.4% aqueous pyridoxine solution for 12hrs. The 
phosphorus was applied at the rate of 15, 30, 45 and 60kg 
P/ha. The effect of these treatments was observed on 
nitrate reductase activity (NAR) at 60, 90 and 120 days, net 
assimilation rate (NAR) at 60-90, and 90-120 days and 
pods/plant, length/pod, seeds/pod, 1000-seed weight, seed 
yield and seed protein content at harvest. It was found that 
the application of 0.3% pyridoxine and 30kg P/ha separately 
and interaction treatment 0.2% pyridoxine x 30kg P/ha 
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proved optimum for most of the parameters except the 
interaction effect on 1000-seed weight. NRA and NAR at all 
sampling stages showed a strong correlation (P<0.01) with 
seed yield and seed protein content, while yield attributes 
showed a similar correlation with seed yield only. Thus, pre-
sowing seed treatment with 0.2% pyridoxine in combination 
with 30kg P/ha ensured a high yield and quality of lentil. 
Khan et al. (1993) studied the effect of pyridoxine and 
basal and foliar application of nitrogen and phosphorus on 
the performance of mustard (Brassica juncea L.) var. 
Varuna. Seeds of mustard were soaked in water or in 
0.025% pyridoxine hydrochloride for 4hrs. Nitrogen (45 and 
60kg N/ha) and phosphorus (15 and 20kg P/ha) were 
applied to the soil at the time of sowing and 15kg N/ha and 
5kg P/ha were applied as foliar treatment in two installments 
at 70 and 90 days after sowing (DAS). Along with these, 
recommended basal dose of 90kg N/ha and 30kg P/ha (B 
N90P30) was used as the control. It was observed that 
pyridoxine treatment gave better results over the water 
soaked control. The higher basal fertilizer dose was 
effective and foliar application of N and P gave higher 
values as compared to water spray treatment alone. The 
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combination of pyridoxine + BN60P20 + FN15P5 significantly 
improved the performance of the crop and enhanced seed 
yield and oil yield by 15.8 and 13.5% respectively over the 
check, BNgoPao treatment. It was suggested that mustard 
productivity might be increased by a suitable combination of 
N+P foliar treatments combined with seed treatment using a 
very dilute pyridoxine solution while applying only 2/3 of 
recommended fertilizer rate which would result in a 
substantial economy. 
Khan et al. (1996) studied the effect of pre-sowing 
seed treatment with pyridoxine on growth, nitrate reductase 
and carbonic anhydrase activity in wheat {Triticum aestivum 
L.) cv. HD-2204. The seeds of wheat were soaked in 0.0 
(water soaked control), 0.1, 0.2, 0.3 and 0.4% aqueous 
pyridoxine solution for 8,16 or 24hrs. It was observed that 
soaking treatment significantly affected growth parameters, 
NR and CA activity. Plants raised from (0.3%) pyridoxine 
treated seeds exhibited the highest values for all 
parameters at 20 and 30 DAS. Effect of seed soaking for 
16hrs in 0.3% aqueous pyridoxine solution increased NR 
and CA activity by 38.7 and 110.8% at 20 DAS and 34.6 and 
98.3% at 30 DAS respectively compared with water soaked 
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control. It was suggested that pyridoxine had possibly 
helped de novo synthesis of CA through its role in 
enhancing endogenous level of gibberellins and expression 
for genes for CA. This helped in availability of CO2 at higher 
rate. 
Samiullah and Khan (1997), in a field tr ial, studied the 
effect of different concentrations of pyridoxine solution on 
the performance of mustard cultivars. The seeds of mustard 
{Brassica juncea L. Czern & Coss.) cultivars 'RK-8203', 'PR-
18' and 'Varuna' were soaked in 0.0125, 0.025, 0.05 and 
0 .1% aqueous pyridoxine solution along with two controls, 
unsoaked and water soaked. A uniform basal dose of 60kg 
N, 20kg P and 30kg K/ha were given at the time of sowing in 
the form of urea, mono calcium super phosphate and 
muriate of potash respectively. The parameters studied 
included root length, leaf number, dry weight/plant and leaf 
N, P and K content at 70 days after sowing (DAS). 
Pods/plant, seeds/pod, 1000-seed weight, oil content, seed 
yield and oil yield were studied at harvest. The pyridoxine 
requirement for optimum performance of 'RK-8203' was 
0.05% and for 'Varuna', it was 0.0125% whereas 'PR-18' 
showed inhibitory effect to pyridoxine treatment. It was 
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found that soaking treatment significantly affected growth 
parameters, leaf N, P and K content and yield 
characteristics. Plants rose from 0.0125% soaking-
treatment (being at par with 0.025%) enhanced values for 
various parameters studied. Among varieties, 'Varuna' 
performed best. The order of performance of varieties for 
parameters studied were 'Varuna' > 'RK-8203' > 'PR-18'. 
Interactions 0.0125% x 'Varuna' and 0.05% x 'RK-8203' 
(being at par) gave maximum value for most of the 
parameters. The graded pyridoxine treatments with 'PR-18' 
resulted in decrease in growth, leaf N, P and K content as 
well as yield characteristics. It was found that Varuna x 
0.0125% pyridoxine treatment increased seed yield by 7.11 
and oil yield by 16.6% in comparison with its water soaked 
control. It was also noted that the treatment 0.0125% x 
'Varuna' was at par with 0.05% x 'RK-8203' for seed yield. 
Whereas, for oil yield, 0.05% x 'RK-8203' followed the 
treatment 0.0125% x 'Varuna'. It was concluded that the 
yield potential of poor yielders (with low native seed 
pyridoxine content) could be enhanced considerably by pre-
sowing seed treatment with the appropriate dilute pyridoxine 
solution. 
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Lone et al. (1999) surfaced sterilized seeds of mustard 
{Brassica Juncea L.) wi th1% mercuric chloride followed by 
10 washings with sterile distilled water soaked for 4hrs in 
100, 200, 300, 400 and 500mg/lltre of solutions of vitamin 
Bi , vitamin B2, vitamin B5 and vitamin Be. For control, seeds 
were soaked in distilled water for 4hrs. The soaked seeds 
were sown in clay pots containing autoclaved loam soil and 
compost in 3:1 mixture. After germination, the seeds were 
thinned to one per pot. The parameters, root length and 
number of lateral roots were recorded at 10 and 15 days 
after emergence. All four vitamins increased root length, the 
largest increase being produced by B5 at 300mg/litre and by 
the others at 400mg/liter. Number of lateral roots were 
increased by Bi , B5 and Be but were unaffected by 83. 
Vitamin Bi produced conspicuously more laterals at the 
highest concentration tested but with B5 and Be, most 
laterals were produced after 15 days at 300mg/litre or 
400mg/litre. Increase in both root length and numbers of 
lateral were substantial. At 15 days maximum percentage 
increase in root length were 30, 44, 50 and 64. The 
corresponding values for numbers of laterals were 78, 14, 
45 and 64. The effects of B vitamins on root development 
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and particularly on the number of laterals produced by Bi , 
B5 and Be might have practical implications since uptake of 
water and nutrients depends on numbers of lateral roots 
rather than on the elongation of the main axis. Treatments 
with appropriate B vitamins provided it could be achieved 
economically at seedling establishment and promote more 
rapid early growth. 
Hamada (2000) studied the effect of water deficit 
(100%, 70%, 50% and 30% field capacity) and ascorbic 
acid, thiamine or salicylic acid (lOOppm) and their 
interaction on some metabolic changes of wheat plants 
{Triticum aestivum L.). It was noted that most of the cell 
components (pectin, hemicellulose, cellulose and lignin) of 
shoots and roots, soluble protein of shoots and other free 
amino acids of roots were reduced with the reduction of soil 
moisture content for 15 days, in the range studied. On the 
other side, the decreasing of soil moisture content induced 
progressive increase in soluble sugars, starch, proline 
contents of shoots and roots, other free amino acids of 
shoots and soluble protein of roots. Soaking of wheat grains 
in lOOppm ascorbic acid, thiamine or salicylic acid before 
sowing did not improve pectin, hemicellulose of shoots and 
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roots, cellulose of shoots, lignin of roots, other free amino 
acids of roots and soluble protein of shoots, whereas 
cellulose of root and lignin of shoots of soaked seedlings 
increased with decreasing soil moisture content. However, 
soluble protein, proline of roots and proline and other free 
amino acids of shoots was increased with the decrease of 
soil moisture content, but these effects were lowered to a 
greater extent under drought with vitamins or aspirin than 
drought only. 
Khan and Samiullah (2001) conducted experiments on 
summer moong, mustard and wheat to study the crop 
performance grown under the influence of basal calcium and 
pre-sowing seed soaking treatment with pyridoxine. They 
found that optimal concentration of pyridoxine was 0.3% for 
summer moong and 0.04 for mustard and wheat. It was also 
reported that the N, P and Ca status of the three crops was 
improved by the application of gypsum. In wheat calcium 
played a much more dominant role than sulphur. The 
application of pyridoxine resulted in spectacular increase in 
seed yield. 
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2.8 Concluding remarks 
It is clear from the literature that aqueous solutions of 
vitamins in small quantities increase metabolic activities, 
growth performance, productivity and quality of several 
agricultural and horticultural crops. Samiullah and 
associates have worked on the effect of pre-sowing seed 
treatment with pyridoxine on the productivity and quality of 
crops (Ansari, 1986; Khan, 1988; Khan, 1988; Samiullah et 
al., 1988; Khan, 1995). However, studies on thiamine on 
crops, particularly oilseeds have not been conducted so far. 
Thus, it is considered highly desirable to study the effect of 
pre-sowing seed treatment with dilute thiamine solutions on 
the performance of mustard. It is added here that rapeseed-
mustard is one of the major crops among the oilseeds 
cultivated in our country. It is no wonder that they occupy a 
high priority in the Government strategy for improvement of 
agricultural production as edible oils have shown a 
persistent demand. 
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CHAPTER-3 
MATERIALS AND METHODS 
To achieve the objectives mentioned in Chapter 1 one 
pot and four field experiments were conducted on mustard 
(Brassica juncea L. Czern & Coss.) at net house and 
agricultural farm of Botany Department, Aligarh Muslim 
University, Aligarh, India. 
3.1 Agro-climatic conditions 
Aligarh is situated in Western Uttar Pradesh, about 
125km from New Delhi. This small industrial town, having an 
area of 5.024 sq km, is situated at 27*'52' N latitude, 78°51' 
E longitude and 187.45m altitude. It has a semi arid and 
subtropical climate with hot dry summer (April-June) and 
cold winter (October-March). The mean temperature for 
December and January, the coldest months, is about 15°C 
to 13°C and extreme minimum record for any single day is 
2°C and 0,5°C respectively. The summer is hot, the average 
temperature for May is 34°C and for June is 34.5°C 
whereas, the extreme maximum record is 45°C and 45.5°C 
respectively. The average annual rainfall is 847.3mm. More 
than 85% of the total rainfall occurs during mid June to 
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September and the rest in winter, which is useful for "rabi" 
crops. The average temperature and rainfall during a season 
are presented in Figs. 1-3. The meteorological data for the 
period of these experiments were obtained from 
Meteorological Observatory, Aligarh Muslim University, 
Aligarh. Various types of soil are found in different area of 
this district such as sandy, loamy, sandy loam and clayey 
loam. 
3.2 Soil characteristics 
Before starting each experiment, soil samples were 
collected at a depth of 15cm from every experimental plot. 
These samples were mixed thoroughly to get a composite 
sample. In case of pot experiment, the soil was taken from 
the Agricultural Farm House of Aligarh Muslim University, 
Aligarh. The soil sample of each experiment was analysed in 
the soil chemistry laboratory of the Indian Agricultural 
Research Institute, New Delhi for physico-chemical 
properties (Table i ) . In addition, soil samples were also 
taken along with plant samples to assess soil pH. 
3.3 Preparation of the field 
Before each field experiment, the field was thoroughly 
ploughed to ensure maximum aeration. Plots of 10 sq m size 
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were prepared in which sufficient organic manure was added 
for maintaining fertility of the soli keeping the types of crop 
in view. A uniform recommended basal dose of N, P and K 
was also applied. 
3.4 Experiment 1 
The first experiment was conducted during the rabi 
season of 1993-94 in pot according to simple randomized 
block design. The aim of the experiment was to find out the 
optimum concentration of thiamine hydrochloride (vitamin 
Bi) for the best performance of the crops. Authentic seeds 
of mustard {Brassica juncea L.) var. Varuna were obtained 
from Indian Agricultural Research Institute, New Delhi. 
Healthy seeds of uniform size and weight were selected and 
treated with absolute alcohol for surface steril ization and 
their viability were tested. After sterilization and viability 
testing, the seeds were soaked in different concentrations of 
thiamine hydrochloride viz. 0.01%, 0.02%, 0.03%, 0.06%, 
0.09% and 0.12% for 4 hours. A water soaked control was 
also maintained for the comparison. Each pot contained 5kg 
of soil (composite mixture of 25%) farmyard manure and 75% 
soil). Seeds were sown on 12 October 1993 directly in the 
pots. Initially 10 seeds were grown in each pot but later on 
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only three healthy plants were allowed to grow. Uniform 
basal dose of N, P and K fertilizers were given to the soil 
before filling in the pots at the rate of NgoPsoKaokg/ha (as 
one hectare field contained approximately 2.24x10^ kg of 
soil). The sources of N, P and K fertilizers were urea, mono 
calcium super phosphate and muriate of potash 
respectively. Each treatment was replicated thrice. Each pot 
represented one replicate. In this way, total 105 pots were 
maintained. Sampling was done at 40, 60, 80, 100 and 120 
(at harvest) days after sowing to assess the growth pattern 
of the crop, N, P and K uptake. Crop growth rate (CGR), 
relative growth rate (RGR) and net assimilation rate (NAR) 
were calculated for the periods 0-40, 40-60, 60-80, 80-100 
and 100-120. Yield and quality characteristics were studied 
at harvest. The scheme of treatment is given in Table2. 
3.5 Experiment 2 
This experiment was conducted in the field in the rabi 
season of 1993-S4 according to simple randomized block 
design. The objective of the experiment was to confirm the 
findings of Experiment 1 in the field tr ial. The seeds of 
mustard {Brassies juncea L.) var. Varuna were soaked for 4 
hours in 0.0 (water soaked control), 0.01, 0.02, 0.03, 0.06, 
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0.09 and 0.12% thiamine hydrocliloride solution after 
surface sterilization and kept in separate conical flask. The 
size of each plot was 10 sq m (4x2.5). The furrows were 
kept 40cm apart and the number of seeds/furrows were 
maintained at 20cm. In this way, 12-plants/sq m were 
maintained. Sowing was done on October 12, 1993. Each 
treatment was replicated thrice. The seeds were sown by 
the usual behind the plough method at the rate of lOkg/ha. 
A uniform basal dose of 90kg N, 30kg P and 30kg K/ha was 
applied before sowing in the form of urea, mono calcium 
super phosphate and muriate of potash respectively. The 
field was irrigated thrice between sowing and harvesting. 
Weeding was done when required during the entire course 
of growth of plants. Two sprays of insecticides (Dimecron-
100) were done to check the aphid infestation, which 
coincided roughly with flowering and fruiting stages. 
Sampling was done at 40, 60, 80, 100 and 120 days after 
sowing. Parameters studied were the same as in Experiment 
1. The scheme of treatment is given in Table 2. 
3.6 Experiment 3 
This experiment was conducted during the rabi season 
of 1994-95. The aim of the experiment was to study the 
Table 2. Scheme of the treatments for Experiment 1 (Pot 
Experiment) and Experiment 2 (Field Experiment) 
S. No. Treatments 
5 
6 
7 
Seeds soaked in water 
Seeds soaked in 0.01% thiamine solution 
0.02% 
0.03% 
0.06% 
0.09% 
0.12% 
1.A uniform basal dose of 90kg N, 30kg P and 30kg 
K/ha was applied at the time of sowing. 
2. Seeds were soaked for 4 hours 
3. The design of the experiment was simple randomised. 
4. Experiment 1 was conducted in pots and Experiment 2 
in f ield. 
(J V^ K^ cU-^. ^-'^^su^l^ ^ -^^  
CJMJ C-CA^V 7 
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comparative performance of two mustard {Brassica juncea 
L.) varieties namely, Varuna and Rohini treated with 
different concentrations of tiiiamine hydrochloride, and to 
select out the variety better adapted to local condition of 
Aligarh with regard to their growth and yield. The design of 
the experiment was factorial randomized block and each 
treatment was replicated three times. The seeds were 
soaked in 0.00 (water soaked control), 0.01, 0.02 and 0.03% 
of thiamine hydrochloride solution for 4 hours based on 
information from Experiment 1 and 2. Other agricultural 
practices and parameters studied were the same as in 
Experiment 2. The scheme of treatment is given in Table 3. 
3.7 Experiment 4 
This experiment was conducted according to simple 
randomized block design in the rabi season of 1994-95. The 
aim of this trial was to find out the effect of spray of 
thiamine hydrochloride on mustard {Brassica juncea L.) var. 
Varuna (selected from Experiment 3). The plants were 
sprayed with 0.01, 0.02 and 0.03% thiamine hydrochloride 
solution along with water spray as control for the 
comparison. In each plot, 500ml of thiamine hydrochloride 
solution was sprayed. Spray was done only at 40 days after 
Table 3. Scheme of the treatments for Experiment 3 
S. No Treatment 
(% thiamine hydrochloride) 
Varieties 
Varuna Rohini 
1 
2 
3 
4 
0.0 (water soakec 
0.01% (thiamine) 
0.02% (thiamine) 
0.03% (thiamine) 
1. A uniform basal dose of 90kg N, 30kg P and 30kg K/ha 
was applied at the time of sowing. 
2 Seeds were soaked for 4 hours. 
3. The design of the experiment was factorial randomised. 
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sowing because the effectiveness of spray of B-vitamin is 
more at flower initiation than pod initiation (Ansari, 1988). 
Other agricultural practices and parameters studied were 
the same as in Experiment 2 and 3. The scheme of 
treatment is given in Table//. 
3.8 Experiment 5 
This trial was based on the findings of Experiment 1, 2 
and 3. The objectives of the experiment was to confirm the 
effect of best dose (0.03% thiamine hydrochloride solution) 
of pre-sowing seed soaking on the basis of previous findings 
and to observe its interaction effect with various 
combinations of nitrogen and phosphorus level on 
performance of mustard (Brassica juncea L.) variety Varuna 
(which was selected best on its performance in Experiment 
3). The experiment was conducted according to factorial 
randomized block design. As mentioned above, seeds were 
soaked in 0.03% thiamine hydrochloride solution and were 
soaked in water (control) for the comparison. Different 
combinations of nitrogen (N:0, 30, 60, 90) and phosphorus 
(P:0, 30, 60) as basal dressing were applied to the field. 
Potassium (K) was added uniformly to the soil at the rate of 
30kg K/ha at the sowing time. Other agricultural practices, 
Table 4. Scheme of the treatments for Experiment 4 
S. No. Treatments 
1 Sprayed with distilled water 
2 ,, ,, 0.01% thiamine hydrochloride solution 
3 „ „ 0.02% 
4 „ „ 0.03% 
1. A uniform basal dose of 90kg N, 30kg P and 30kg K/ha 
was applied at the time of sowing. 
2. The design of the experiment was simple randomised block 
design. 
3. Spray was done at 40 days after sowing. 
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including irrigation, weeding, size of the plots and 
parameters studied were similar to the previous 
experiments. The scheme of treatment is given in Table 5. 
3.9 Sampling techniques 
Three plants from each pot were uprooted containing 
the entire root system in pot experiment and three plants 
from each plot were uprooted randomly at various growth 
stages for the study of various growth characteristics and 
accumulation of N, P and K in plants. The plants were also 
collected at random for yield and its attributes at harvest. 
The number of pods per plant and the number of seeds per 
pod were counted. The yield per hectare was calculated 
using the spacing of the plants. Winnowing was done with a 
hand-winnower and seeds were stored for assessing the 
other yield and quality characteristics. 
3.10 Physiological characteristics 
3.10.1 Growth characteristics 
The following growth characteristics were studied at 
40, 60, 80, 100 and 120 days after sowing (DAS). 
1. Shoot length per plant 
2. Root fresh weight per plant (only in pot Experiment) 
3. Root dry weight per plant (only in pot Experiment) 
Table 5. Scheme of the treatments for Experiment 5 
S. No. Fertilizer Soaking treatments 
Treatments Water soaked (So) 0.03% Thiamine 
hydrochloride (Si) 
1 
2 
3 
4 
5 
6 
7 
8 
NoPo 
NeoPo 
NQOPO 
N0P30 
N60P30 
N90P30 
NoPeo 
NeoPeo 
NQOP. 90r60 
Ti 
T2 
T3 
T4 
T5 
Te 
T7 
Ts 
T9 
T10 
T11 
T12 
Tl3 
Tl4 
Ti5 
T16 
Tl7 
T18 
1. A uniform basal dose of 30kg K/ha was applied at the time 
of sowing. 
2. Seeds were soaked for 4 hours 
3. The design of the experiment was factorial randomised 
block design. 
4. Subscript at N and P shows the amount of basal N and 
P applied in kg/ha. 
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4. Fresh weight per plant 
5. Dry weight per plant 
6. Leaf area per plant 
7. Leaf area index (LAI - only in field Experiments) 
8. Crop growth rate (CGR) 
9. Relative growth rate (RGR) 
10. Net assimilation rate (NAR) 
3.10.2 N, P and K concentrations and their accumulation 
1. N concentration 
2. P concentration 
3. K concentration 
4. Accumulation of N/plant 
5. Accumulation of P/plant 
6. Accumulation of K/plant 
3.11 Yield character ist ics 
The following yield attributes were studied at harvest. 
1. Pod number/plant 
2. Seed number/plant 
3. 1000 seed weight 
4. Seed yield/plant (only in pot Experiment) 
5. Oil yield/plant (only in pot Experiment) 
6. Seed yield/hectare 
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7. Oil yield/hectare 
8. Harvest index (%) 
9. Biological yield 
3.12 Qual i ty characterist ics 
The oil was analysed for the following quality 
characteristics. 
1. Oil content (%) 
2. Acid value 
3. Iodine value 
4. Saponification value 
3.13 Details of some physiological characteristics 
3.13.1 Growth analysis 
3.13.1.1 Leaf area index (LAI) 
Leaf area was calculated by gravimetric method. The 
leaf area of leaves from each treatment was estimated by 
tracing on a graph sheet and the dry weight for these leaves 
was recorded. The leaf area/plant was computed using leaf 
dry weight/plant and the dry weight of those leaves for 
which the leaf area was taken. The leaf area index was 
calculated by using the formula suggested by Watson 
(1958). 
79 
Leaf area 
LAI = 
Ground area 
3.13.1.2 Crop growth rate (CGR) 
The crop growth rate was calculated by using the 
formula suggested by Watson (1952). 
dw 1 
CGR = = —- g/m^/day 
dt P 
here dw = difference in dry weight at given time 
dt = time interval 
P = land area 
3.13.1.3 Relative growth rate (RGR) 
Relative growth rate was calculated according to the 
formula given by Radford (1967). 
In W2 - In Wi 
RGR = X 1000 
t 2 - t i 
i .e. 
2.303 (logio W 2 - logio Wi) 
RGR = —- X 1000 
t 2 - t i 
Here Wi = dry weight of plant at 1^* growth stage 
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3.13.1.4 Net assimilation rate (NAR) 
Net assimilation rate was calculated according to 
Milthorpe and Moorby (1979). 
W2 - Wi Ln L2 - Ln Li 
NAR = - X —- X 1000 
t2 - ti L2 - Li 
I.e. 
W2 - Wi 2.303 (log 10 L2 - logio Li) 
NAR= X - X 1000 
t2 -U \-2- Li 
Here, 
Wi = dry weight of plant at 1^* growth stage 
Li = leaf area of plant at 1^* growth stage 
ti = days to sampling at 1^* growth stage 
W2 = dry weight of plant at 2"^ ^ growth stage 
L2 = leaf area of plant at 2"^ ^ growth stage 
t2 = days to sampling at 2"'* growth stage 
Ln = logarithm to base e 
logio = logarithm to base 10 
3.14 Estimation of N, P and K 
3.14.1 Digestion of plant samples 
lOOmg of the oven dried powder of each sample was 
transferred to a 50 ml Kjeldahl flask to which 2ml sulphuric 
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acid was added. The content of the flask was heated on 
temperature controlled assembly for about 2hrs to allow 
complete reduction of nitrate present in the plant material by 
the organic matter itself. As a result, the contents of the 
flask turned black. After cooling the flask for about 15 
minutes, 0.5ml of 30% hydrogen peroxide was added drop 
by drop and the solution was heated again until the colour of 
solution changed from black to light yellow. An additional 
3 - 4 drops of 30% hydrogen peroxide was added, after 
cooling for about 30mlnutes, followed by heating for another 
15 minutes. The addition of 30% hydrogen peroxide, 
followed by heating was repeated until the contents of the 
flask became colourless. The digested peroxide material 
was transferred from the Kjeldahl flask to 100ml volumetric 
flask with three washing, each with 5ml distilled water. 
Volume of the volumetric flask was made upto the mask with 
double distilled water (DDW). 
3.14.2 Estimation of nitrogen 
Estimation of nitrogen was done according to Lindner 
1944). A 10ml aliquout of the above digested material was 
taken in a 50ml volumetric flask. To this 2ml of 2.5N sodium 
hydroxide and 1ml of 10%, sodium silicate solution was 
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added to neutralize the excess of acid and to prevent 
turbidity respectively. The volume of the solution was made 
upto the mask with DDW. In a 10ml graduated test tube, a 
5ml aliquot of this solution was taken and 0.5ml of Nessler's 
reagent was added. The final volume was made with DDW. 
The content of the tube was allowed to stand for 5 minutes 
for maximum colour development. The solution was 
transferred to a colorimetric tube and optical density (OD) 
was read at 525nm on spectrophotometer. 
3.14.2.1 Standard curve for nitrogen 
50mg ammonium sulphate was dissolved in one litre 
DDW. From this solution, 0 .1 , 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9 and 1.0ml was pipette to ten different test tubes. 
The solution in each test tube was diluted to 5ml with DDW. 
In each test tube, 0.5ml Nessler's reagent was added. After 
5 minutes, the optical density was read at 525nm on 
spectrophotometer. A blank was run with each set of 
determination. Standard curve was prepared using different 
dilution of ammonium sulphate solution versus optical 
density and with the help of the standard curve the amount 
of nitrogen present in the sample was determined. 
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3.14.3 Estimation of phosphorus 
Total phosphorus in the sulphuric acid peroxide 
digested material was estimated by Fiske_and Suba Row 
(1925). A 5ml of aliquot was taken in 10ml graduated test 
tube and 1.0ml molybdic acid (2.5 per cent ammonium 
molybdate in 10ml H2SO4), was added carefully, followed by 
the addition of 0.4ml of 1-amino-2-napthol-4-sulphonic acid. 
The colour w : ^ turned blue. DDW was used to make up the 
volume upto 10ml. After 5 minutes, the optical density was 
read at 620nm on a spectrophotometer. A blank was used 
simultaneously with each determination. 
3.14.3.1 Standard curve for phosphorus 
351 mg potassium dihydrogen orthophosphate was 
dissolved in sufficient DDW to which 10ml of ION sulphuric 
acid was added and the final volume was made upto one 
litre. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9 and 1.0ml were taken in ten different test tubes. The 
solution in each test tube was diluted to 5ml. In each test 
tube, 1 ml molybdic acid and 0.4ml 1-amino-2-napthol-4-
sulphonic acid was added. After 5 minutes, the optical 
density was read at 620nm on a spectrophotometer. A blank 
was run with each set of determination. Standard curve was 
84 
prepared using different dilutions of potassium dihydrogen 
orthophosphate solution versus optical density and with the 
help of standard curve; the amount of phosphorus present in 
the sample was determined. 
3.14.4 Estimation of potassium 
Potassium was estimated with the help of flame 
photometer. After adjusting the filter for potassium in the 
photometer, 10ml peroxide digested material was run. A 
blank was also run side by side with each set of 
determination. 
3.14.4.1 Standard curve for potassium 
1.91g potassium chloride was dissolved in 100mi DDW, 
of which 1ml solution was diluted to 1 litre. The solution 
prepared was lOppm. From this lOppm solution, 1, 2, 3, 4, 
5, 6, 7, 8, 9 and 10ml solution was transferred 10 vials 
separately. The solution in each vial was diluted to 10ml 
with DDW. The diluted solution of each vial was run 
separately. A blank was also run with each set of 
determination. Standard curve was prepared using different 
dilution of potassium chloride solution versus reading on the 
scale of galvanometer. The amount of potassium per cent in 
the sample was determined with the help of standard curve. 
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3.15 Determination of oil content 
25g crushed seed sample was transferred to Soxhiet 
apparatus and sufficient quality of petroleum ether was 
added. The apparatus was kept on a hot-water bath running 
at 60°C for about 6hrs for complete extraction of the oil . 
The petroleum ether from the extracted oil was 
evaporated. The extracted oil was expressed as a 
percentage by mass of the seeds and was calculated by the 
following formula. 
100 X m 
mo 
Here, m = sum of the mass in gram of oil 
mo= seed sample in gram. 
3.16 Determination of acid value 
The acid value of oil is the mufttee'r of potassium 
hydroxide (KOH) required to neutralize free acid in 1g of oi l . 
It was determined by the following method (Anonymous, 
1970). 
2g oil was dissolved in 50ml solvent mixture of 95% 
ethanol and diethyl ether (1:1) in a 250ml conical flask. 
Titration was carried out with 0.1N KOH solution, using 
phenolphthalein as an indicator and the number of ml (a) of 
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0.1N KOH required was noted. The acid value was 
calculated by the following formula. 
a X 0.00561 X 1000 
Acid value = - — 
W 
Here, a = number of ml of 0.1N KOH 
W = weight of the oil in gram 
3.17 Determination of iodine value 
The iodine value of oil is the number of iodine 
absorbed by lOOg of oil and expressed by iodine 
monochloride method given below: 
2g oil was taken in a dry ground neck flask to which 
10ml carbon tetrachloride (CCU) and 20ml iodine 
monochloride (ICI) solution was added. The flask was 
stoppered and allowed to stand in a dark place for about 30 
minutes. After 30 minutes, 15ml potassium iodide (Kl) 
solution and 100ml DDW was poured into flask with proper 
shaking. Titration was carried out with 0.1N sodium 
thiosulphate (Na2S203) solution using starch solution as 
indicator. Number of ml (a) of sodium thiosulphate solution 
used was noted. The same operation was carried out 
without the oil and number of ml (b) of 0.1N sodium 
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thiosulphate solution was noted. Iodine value was calculated 
by the following formula (Anonymous, 1970). 
(b-a) X 0.01269 x 100 
Iodine value = -
W 
Where (a) and (b) are the number of ml of 0.1 N Na2S203 
solution used in a sample and blank titration respectively 
and 'w' is the weight of oil in g. 
3.18 Determination of saponification value 
The saponification value of oil is the number of mg of 
KOH required to neutralize the fatty acids resulting from the 
complete hydrolysis of 1g of the oil. 
2g oil was taken in a 250ml conical flask to which 25ml 
of 0.5N KOH solution was added. The flask was attached 
with reflux condenser and boiled on water bath for about 1h 
with frequent rotation of the content of the flask. The excess 
of alkali was titrated with 0.5N HCI. The number of ml (a) of 
0.5N HCI was noted. The same operation was repeated 
without oil and the number of ml (b) of 0.5N HCI required 
was noted (Anonymous, 1970). Saponification value was 
calculated by the following formula. 
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(b-a) X 0.02805 x 1000 
Saponification value = 
W 
Where (a) and (b) are the number of 0.5N HCI used in 
sample and blank titration respectively and 'w' is the weight 
of oil. 
3.19 Statistical analysis 
All experimental data were subjected to statistical 
analysis by adopting analysis of variance (ANOVA) 
technique according to the design of experiment (Gomez 
and Gomez, 1984) and the significance of the result was 
determined at 5% level of probability. Where the data were 
found significant, critical difference (CD) was calculated. 
Correlation study of various characteristics with seed yield 
and quality characteristics was also worked out. 
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CHAPTER-4 
EXPERIMENTAL RESULTS 
In this chapter, the results obtained in the experiments 
are described in the following pages. 
4.1 Experiment 1 
This experiment was carried out to find out the effect 
of soaking of mustard seeds in six different concentrations 
viz., 0.01, 0.02, 0.03, 0.06, 0.09 and 0.12% of thiamine 
hydrochloride solutions keeping distilled water soaking as 
control. The seeds were soaked for 4hrs and were sown in 
pots. The results obtained are described below in the 
following headings, i.e. growth, biochemical, yield and 
quality parameters. 
4.1.1 Growth parameters 
4.1.1.1 Shoot length 
In general, the plant height increased from 40 days 
after sowing (DAS) to 120 DAS. It was found that at 40 DAS, 
concentration 0.02% produced at par effect with all other 
higher concentrations, but significantly superior to 0.01% 
concentration. At 60 DAS, the effect of 0.02% was at par 
with both lower and higher concentration of thiamine 
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hydrochloride. It was also found that concentration 0.03% 
and onwards was significantly superior to 0.01%. From 80 to 
120 DAS, concentrations higher than 0.03% were equal in 
effect and all these treatments were significantly superior to 
0.02% thiamine hydrochloride treatments. At all stages, 
thiamine hydrochloride treated seed gave significantly taller 
plant than that of control (Table 6). 
4.1.1.2 Root fresh weight 
The data in Table 7 revealed that there was significant 
increase in root fresh weight in treatment 0.03% thiamine 
hydrochloride than that of lower concentrations at a l l / ^ 
stage5except 120 DAS, where it was at par with 0.01 and 
0.02% concentrations. At every stage, there were no 
significant increase in root fresh weight in treatments higher 
than 0.03% thiamine hydrochloride. Root fresh weight as 
given by the treatment 0.01% thiamine hydrochloride was 
significantly superior to control at 40 DAS but at all other 
stages it was at par with the value given by control. 
Likewise, concentration 0.02%) was significantly superior to 
0.01% only at 40 and 60 DAS sampling. 
CD 
Qi 
-o 
c 
CO 
"E 
o 
O) 
c 
o 
o 
w 
c 
o 
x: 
0) 
T3 
r: 
o 
o 
u-
T3 
>^  
J= 
0) 
c 
c 
0) 
E 
••—• 
CO 
0) 
-«—• 
•D 
<D 
W 
D) 
C 
> 
O 
w 
t 
0) 
l _ 
Q . 
>+-
O 
o 
CD 
»*— 
LJU 
CD 
JO 
CD 
h-
co 
c 
13 
(0 
> 
CD 
> 
x: o 
CD 
U 
CO 
CO 
CD 
> ^ 
O Q 
T3 
CD 
V) 
D 
E 
E 
o 
c 
CD 
0 
Q. 
CD 
CD 
1— 
CD 
CD 
CD 
t— 
CD 
M— 
(D 
CD 
C3) 
C 
0 
o 
o 
x: 
CO 
D) 
C 
> 
o 
i _ 
CD 
CD 
CO 
>^  
CD 2, 
CO 
CD 
O) 
CD 
-4—' 
CO 
_c 
E 
CD 
C O 
o 
CN 
T— 
<J) 
T— 
^ 
CD 
C» 
vr 
^ 
r--LO 
(j> 
•\— CD 
^ 
CM 
CD 
CD 
O^  
IT) 
O 
T— 
CD 
O 
O 
^(— 
CO 
T— 
h~ 
CO 
O) 
CO 
en 
T— 
CD 
CO 
h--
O 
CM 
CJ> 
O 
^ 
CD 
O 
O 
O 
•»— 
o 
CX) 
CO 
O) 
CD 
r^ 
CN 
o 
• ^ 
o T— 
CD 
h-
CNJ 
-^ 
U) 
CN 
CO 
CN 
CN 
CD 
OU 
eg 
o 
CD 
CD 
T— 
00 
O) 
T*~ 
CD 
CD 
00 
CD 
CO 
r--
o 
'^ 
CO 
T— 
O) 
CD 
o 
CN 
CD 
T— 
o 
o 
CN 
O 
CO 
O 
CD 
O 
c 
Q) b 
(D (\1 
f-
CD 
C 
E 
CD !c 
1-
^ 
o^ 
CD 
TJ 
'i_ 
o 
n 
i-
u 
CD CO CD O 
•t- CN CD h -
CD r ^ t ^ CO 
0 0 ^r CD 
•"^ CO i n 
CO CO CO 
o o o 
CD l O • < -
CD 00 OCJ 
00 C D O 
o o o o 
CD CD C N ^ r 
oci d CD ^ r 
r - CN ^ CN 
o 
o 
''" 
o 
T— 
CD 
N-
O 
CD 
d 
CD 
O 
CO 
T— 
o 
o 
CN 
T— 
r— 
O 
T— 
• ^ 
o 
00 
CD 
O 
O 
CO 
CO 
• ^ 
o o o 
00 CD 00 
d ^ t^ 
CD t ^ OO 
o o o 
I ^ CD C N 
d LO d 
•<r in CD 
o o o 
o) in -^  
•^ d i n 
CN CN CO 
o o o o 
CD i n O CD 
iD CO ai iri 
C D CD CD C3) 
o o o o 
x r CD i n CD 
CO 
CD 
O N-
h- CD 
O v -
o o 
d d 
CN 
o 
CD 
CD 
o o o o 
00 CD CO O 
d i n •^' K 
CO CO CO CO 
CO CD CD CN 
o o o •<-
d d d d 
CN 
CN 
CD 
i n 
00 
00 
CN 
d 
o 
CD 
d 
o 
CN 
d 
o 
CN 
i n 
CD 
Q 
O 
CD 
C 
o 
CO 
CD 
E 
CD 
JZ 
"cD 
O 
CO 
X! 
"Q. 
Q. 
CD 
CO 
CD 
CD 
D) 
o 
CO 
• D 
c 
CD 
CD 
O 
CO 
O 
O) 
CO 
O 
T J 
"cD 
CO 
CD 
X3 
CQ 
91 
4.1.1.3 Root dry weight 
Values recorded for root dry weight of control 
treatment was at par with that for 0.01% thiamine treatment 
at 40 and 60 DAS, while from 80 DAS onwards, significantly 
lowest value was found in control. At 40 and 60 DAS, 
treatment 0.03% thiamine hydrochloride proved equally 
effective with 0.02% thiamine treatment. Whereas at other 
stages, 0.03% was gave significantly superior value than 
0.02%) and its effect was at par than those for treatment of 
higher concentration at all stages (Table 7). 
4.1.1.4 Plant fresh weight 
The shoot fresh weight given by control (water soaked) 
was significantly inferior to all thiamine hydrochloride 
treatments. At 40 DAS and from 60 DAS and onwards 
control treatment gave at par values with that for 0.01% 
treatments (Table 8). At all stages, generally 0.03% 
concentration proved best for this parameter. At early 
stages, its effect was significantly higher than lower 
concentrations, but proved equally effective at later stages. 
4.1.1.5 Plant dry weight 
At all sampling stages, it was found that 0.03% 
concentration was at par in effect with 0.02% and all other 
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higher concentration (Table 8). Treatment of 0.03% 
concentration proved significantly superior to 0.01% 
concentration. Treatment 0.01% concentration recorded 
value, which was at par with control on one hand and 0.02% 
concentration on the other. 
4.1.1.6 Leaf area 
The effect of soaking the seeds in different 
concentrations of thiamine hydrochloride on leaf area is 
given in Table 6. At first two samplings, the value given by 
0.03% was at par with those for 0.02% and all other higher 
concentrations. At 80 and 100 DAS, 0.03% concentration 
registered value, which was significantly higher than that for 
0.02% concentration. At final stage, the values given by all 
thiamine hydrochloride treatments were at par with each 
other but significantly superior than that for control. 
4.1.1.7 Crop growth rate 
The crop growth rate (CGR) of the mustard plant was 
significantly different due to treatments except between SO-
SO and 100-120 DAS period. Between 0 to 40 DAS, the 
effect of concentration 0.03% was statistically equal with 
those of all higher concentrations, and was significantly 
superior to those of lower concentrations. The value given 
by 0.02% concentration was also significantly higher than 
those for control and 0.01%. Between 40-60 and 80-100 
DAS treatment 0.03% and other higher concentrations 
showed equal effect and the values were significantly higher 
than those recorded for control, 0.01% and 0.02% 
concentrations of thiamine hydrochloride (Table 9). 
4.1.1.8 Relative growth rate 
Soaking the seed in different concentrations of 
thiamine hydrochloride was not found significant for this 
parameter at any sampling stages (Table 9). 
4.1.1.9 Net assimilation rate 
Soaking the seed in different concentrations of 
thiamine hydrochloride was not found significant at any 
sampling stages (Table 9). 
4.1.2 Biochemical parameters 
4.1.2.1 N, P and K concentration 
From Table 10, it is evident that there were no 
significant difference between different treatments and 
control at all stages for these parameters. 
4.1.2.2 Nitrogen uptake 
At 40, 60 and 120 DAS treatment 0.03%) thiamine 
showed significantly higher nitrogen uptake than its lower 
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concentration, but the value for this treatment was at par 
with those given by higher concentrations. At 80 and 100 
DAS, the value given by 0.03% thiamine hydrochloride was 
at par with that for 0.02% concentration. Except at Initial two 
stages i.e. 40 and 60 DAS, control registered significantly 
lowest value at all other stages. Control showed nitrogen 
uptake, which was at par with that given by 0.01% thiamine 
treatment (Table 11). 
4.1.2.3 Phosphorus uptake 
The data on the effect of thiamine hydrochloride 
treatment on phosphorus content is given in Table . It was 
noted that at initial stage, treated plants showed 
significantly more P than that of control. The value given by 
concentration 0.03% was at par with those for all the higher 
concentration but significantly superior to 0.01%. However, 
statistically equal to that for 0.02% thiamine hydrochloride 
treatment was found. From 60 to 100 DAS samplings, 
control and 0.01% registered statistically equal values, but 
were significantly inferior to all other higher concentrations, 
which showed equal effect with each other. At 120 DAS 
maximum value was found in 0.03% treatment and that was 
superior to all other treatments (Table 11). 
95 
4.1.2.4 Potassium uptake 
At 40 and 60 DAS, significantly lowest value was 
recorded in control for K uptake in comparison to thiamine 
treatment. However, at other stages, the value given by 
control was at par with that for 0 .01% thiamine 
hydrochloride. Treatment 0.03% thiamine, which gave 
statistically equal value with that for other higher 
concentrations, was found to be significantly superior to the 
value recorded for 0.02% concentration at 60 and 100 DAS. 
However, these two treatments showed equal effect on K 
uptake at all other stages. Further, except at 80 and 120 
DAS, the effect of 0.01% thiamine treatment was at par with 
that of 0.02% (Table 11). 
4.1.3 Yield parameters 
Table reveals that there was no significant difference 
in the values given by seed treatment with thiamine. 
However, the values for thiamine treatment and control were 
not statistically equal. Seed treatment was found significant 
on pods per plant, seed yield per plant and also on 
biological yield. It was noted that all concentrations ranging 
from 0.2% to 0.12% showed equal effect but the values were 
significantly higher than that for control. The values 
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recorded for seed yield given by 0.5% and were statistically 
at par but were significantly high in comparison to those 
recorded for 0.2%, 0.1% and control. Regarding biological 
yield, control (water soaked) and 0.1% thiamine soaking 
showed equal effect but values given by these two 
treatments were significantly lower than those of other 
treatment viz., from 0.3% to 0.12% (Table 12). 
4.1.4 Quality parameters 
Table 13 shows that soaking the seeds in thiamine 
concentration did not improve the oil content significantly. 
However, the oil yield was found to be significantly affected, 
and 0.03% treatment gave significantly higher value than 
those for control and 0.01% concentration. It was at par with 
lower concentration on one hand and higher concentration 
at other. The effect of thiamine treatment on acid value, 
iodine value and saponification value were found to be non-
significant (Table 13). 
4.2 Experiment 2 
This experiment was conducted in field on the same 
lines as in Experiment 1. In this experiment, the efficiency 
of the treatments of Experiment 1, carried out in pot was 
tested in the field. The scheme of the treatments was same 
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as in Experiment 1, but tiie seeds after treatment were sown 
in the field. All parameters, except root characteristics, as in 
Experiment 1 were taken into consideration. This omission 
was due to the difficulties found in collecting the complete 
root system in the field conditions. 
4.2.1 Growth parameters 
4.2.1.1 Shoot length 
At 40 DAS, concentration 0.03% registered 
significantly higher value than those for other lower 
concentrations, but was at par with the values given by 
higher concentrations. At all other stages, 0.03% proved 
equally effective with 0.02% thiamine treatment. At all 
samplings, control gave lowest value, which was at par with 
0.01% treatment (Table 14). 
4.2.1.2 Plant fresh weight 
At initial stages viz., 40 and 60 DAS, the values given 
by 0.03% treatment was significantly higher than those for 
0.02% treatment, whereas at all other sampling stages, 
0.03% and 0.02% showed equal effect with each other. The 
effect all 0.03% concentration was found statistically equal 
to all other treatment of higher concentrations. Control gave 
lowest value at all stages of the growth (Table 15). 
98 
4.2.1.3 Plant dry weight 
The data given in Table show that value for dry weight 
of plants recorded for control and 0.01% were at par at all 
stages of growth. At 40 DAS, value given by treatment 
0.02% thiamine was at par with those for treatment 0.03% 
and 0.06% thiamine, whereas at all other stages the effect 
of 0.02% was at par with that for all other higher 
concentration treatments (Table 15). 
4.2.1.4 Leaf area 
Treatment 0.02% thiamine showed equal effect to that 
of all other higher concentrations for this parameter (Table 
14) at all stages except 100-120 DAS sampling. Further, the 
treatment gave at par value with 0.01% treatment at all 
stages. 0.03% and other higher concentrations, which were 
at par in effect with 0.02% were significantly superior to 
0.01% treatment at all but last sampling. At final stage, 
0.02% was found to give significantly lower value than the 
higher concentration. 
4.2.1.5 Leaf area index 
Leaf area index followed the same pattern as leaf area 
(Table 14). 
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4.2.1.6 Crop growth rate 
The crop growth rate was significantly different 
between treatments upto 80 DAS (Table 16). Between 0-40 
DAS, treatment 0.03% gave at par value with all other 
higher concentrations and significantly superior to lower 
concentration. During this stage, control registered at par 
value with that for 0.01% treatment and the values for both 
these treatments were significantly inferior to that for 0.02% 
concentration. Between 40-60 DAS, 0.02% was at par in 
effect with other higher concentrations, and between 60-80 
DAS, all thiamine treatments gave at par values and 
significantly superior to that for control. From 80 DAS, the 
effect of the treatment was not significant between 80-100 
and 100-120 DAS (Table 16). 
4.2.1.7 Relative growth rate 
It was found that there was no significant difference 
due to thiamine treatment on RGR of mustard (Table 16). 
4.2.1.8 Net assimilation rate 
The net assimilation rate (NAR) of mustard due to 
different treatments was significant only at initial stage i.e. 
0-40 and it was found that control registered at par value 
with that for 0.01% thiamine treatment and the value for 
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both these treatments were significantly inferior to that for 
all other treatments, which were statistically equal (Table 
17). 
4.2.2 Biochemical parameters 
4.2.2.1 N, P and K concentration 
It was found that there was no significant difference 
between the treatments for these parameters (Table 17). 
4.2.2.2 Nitrogen uptai^e 
It was noted that the values given by control and 
0.01% thiamine treatment were at par except at 80 DAS 
where control registered significantly lowest value (Table 
18). The value recorded for 0.02% was at par with those for 
all other higher concentration at all stages except 80 DAS, 
where it was significantly lesser than that of higher 
concentrations (Table 18). 
4.2.2.3 Phosphorus uptake 
The effect of thiamine soaking treatment on this 
parameter was found significant on all stages except at 120 
DAS and the value given by 0.03% thiamine concentration 
was at par with those for other higher concentrations and 
was also at par with that for 0.02%, but was significantly 
higher than for 0.2% at 40 DAS. Control registered 
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significantly lowest value and was statistically equal with 
that for 0.02% thiamine treatment. Moreover, at 100 DAS, 
all thiamine treatments showed equal effect on P uptake and 
0.01 and 0.02% thiamine were at par with control treatment 
(Table 18). 
4.2.2.4 Potassium uptake 
The K uptake value in control showed equal with that 
given by 0.01%. These values were significantly lower than 
other treatments for most of the stages. At 40 and 60 DAS, 
concentrations ranging from 0.3% to all other higher 
concentrations were equally effective and the values were 
significantly higher than those for 0 .1% and 0.02%. At 80, 
100 and 120 DAS, the results were not spectacular but at 80 
DAS, 0.02% and 0.03% treatments maintained their 
superiority over other treatments to some extent (Table 18). 
4.2.3 Yield parameters 
The data in Table 19 show that the effect of the 
treatment was significant on pod number per plant, seed 
yield and biological yield, while other parameters remained 
unaffected. The values for pod number given by 
concentrations ranging from 0.3% and control were at par 
but significantly higher than those for 0.2%), 0 .1% and 
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control. More or less, same treatment was found best for 
seed yield and biological yield per hectare viz., 0.3% 
treatment was found best for these parameters (Table 19). 
4.2.4 Quality parameters 
From Table 20, it is clear that the oil content in 
mustard was not significantly affected by the thiamine 
treatments. However, there was significant effect on oil 
yield. Concentration 0.03% thiamine seed soaking was 
proved best. The effect of thiamine treatments on other 
quality parameters viz., acid value, iodine value and 
saponification value was not-significant (Tables 20). 
4.3 Experiment 3 
This experiment was conducted on two varieties of 
mustard in order to check the findings of the Experiment 1 
and 2. The varieties were Varuna and Rohini and the 
soaking treatments of thiamine hydrochloride were selected 
based on the results of Experiment 1 and 2. As evident from 
the Experiments 1 and 2 that all treatments comprised 
thiamine concentration higher than 0.03% were found 
beneficial. That is why the concentrations higher than 0.03% 
were not included in this experiment. Nevertheless, 
treatments consisting of water soaked control, soaking in 
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0 .1%, soaking in 0.2% and soaking in 0.3%) thiamine 
hydrochloride were selected. The effect of these treatments 
on two varieties (Varuna and Rohini) and of their interaction 
(Soaking x Variety) was observed on the following 
parameters. 
4.3.1 Growth parameters 
4.3.1.1 Shoot length 
The shoot length was significantly different between 
the varieties and treatment. Except at initial stage, variety 
Varuna was significantly taller than Rohini at all sampling 
stages. At 60 and 100 DAS, control plants were shorter than 
that of other treatments, which were statistically equal. At 
80 DAS, the values for two adjacent treatments were 
statistically equal, and values for alternate treatments were 
significantly superior as the concentration increased. At 
final stage, length of control plants were statistically equal 
to 0.01% thiamine treatment, whereas 0.02 and 0.03% 
treatment produced plants of length, which were statistically 
equal and were significantly taller than that produced by 
0.01% treatment. The interaction effect was found to be 
non-significant (Table 21). 
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4.3.1.2 Plant fresh weight 
At all sampling stages, there was no significance 
difference between the varieties Varuna and Rohini for plant 
fresh weight. Seed soaking in 0.03% thiamine solution 
enhanced fresh weight significantly over control and other 
treatments at all stages. The interaction between variety 
and soaking treatment was found non-significant (Table 22). 
4.3.1.3 Plant dry weight 
It was found that variety Varuna registered 
significantly higher dry weight than the variety Rohini at all 
sampling stages. At all sampling stages, significantly 
highest and lowest values were found at 0.03% and control 
treatment respectively. Treatment 0.01%) showed 
significantly higher value than control and lower value than 
0.02% treatment. Except at 40 and 80 DAS, the interaction 
effect was significant at all other stages and it was found 
that there was no significant difference between 0.02% and 
0.03% treatments in variety Rohini (Table 23). 
4.3.1.4 Leaf area 
At 40 and 80 DAS, the leaf area of plants treated with 
0.02% and 0.03% was at par and the value were 
significantly higher than that obtained for 0.01% treatment, 
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which in turn was superior to control. At 60 and 100 DAS, 
significant maximum and minimum values were found in 
0.03% and control respectively. Treatment 0.02% gave 
significantly higher values than 0.01% treatment. At final 
stage, treatments 0.02% and 0.03% registered statistically 
equal values and were significantly superior to other two 
treatments, which were at par among them. Regarding the 
variety, it was found that variety Varuna registered 
significantly more leaf area than Rohini at all sampling 
stages. The interaction effect was found to be non-
significant (Table 24). 
4.3.1.5 Leaf area index 
Leaf area index followed the same pattern as in case 
of leaf area (Table 25). 
4.3.1.6 Crop growth rate 
Crop growth rate (CGR) was significantly affected for 
varieties only between 40-60d, 60-80d and 100-120d period. 
In the first two periods, i.e. 40-60d and 60-80d, variety 
Varuna had significantly more CGR than Rohini and between 
100-120d period, variety Varuna had more CGR. CGR was 
significantly affected by soaking treatments at all other 
sampling periods, except at 80-100d. Between 0-40 period. 
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significantly maximum values were found for 0.03% thiamine 
treatment and significantly minimum for control. Treatment 
0.02% was significantly superior to 0.01%) treatment. 
Between 40-60 period, control and 0.01%) treatment 
registered statistically equal values and were significantly 
inferior to the other two statistically equal treatments. 
Between 60-80 period, treatments 0.01% and 0.02% gave at 
par values and were significantly superior to that for 0.03%) 
thiamine, which in turn was significantly superior to value 
recorded for control (water soaked). At final stage, control 
registered significantly highest value, whereas all the other 
three treatments had statistically equal value. The 
interaction effect was significant only between 40-60 period 
and it was found that values for variety Rohini at control and 
0.03% treatments were significantly different and were at 
par with 0.01% and 0.02% treatments (Table 26). 
4.3.1.7 Relative growth rate 
Variety Varuna registered significantly higher value 
between 40-60d and 60-80d period, whereas for Rohini more 
relative growth rate (RGR) was noted between 80-100d and 
100-120d periods. Between 0-40d period, treatments 0.02% 
and 0.03%) had statistically equal values and were 
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significantly superior to 0.01%, which in turn was 
significantly superior to control. Between 40-60d, 80-100cl 
and 100-120d, significantly highest values were found in 
control and all other three treatments were statistically 
equal in their effect. Between 60-80d period, significant 
highest value was found in 0.01% followed by 0.02%, control 
and 0.03% in that order. The interaction effect was 
significant only at final stage where it was found that 
variety Varuna at 0.02% soaking treatment gave 
significantly inferior value to 0.01% and 0.03% treatments, 
whereas variety Rohini at 0.02% thiamine treatment was 
significantly superior to these other two treatments (Table 
27). 
4.3.1.8 Net assimilation rate 
Variety Rohini had significantly higher net assimilation 
rate (NAR) than Varuna between 0-40d and 100-120d 
periods and less NAR between 40-60d and 60-80d periods 
r (Table 28). Between 80-1 OOd, both varieties reco(^ded 
statistically equal values. Between 0-40d period significant 
highest and lowest values were found in 0.03% and for 
control respectively. The value found in 0 .01% was 
significantly superior and inferior to control and 0.02%o 
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treatments respectively. Between 40-60d period, control, 
0.02% and 0.03% had statistically equal values and both 
control and 0.03% had significantly higher values to 0.01% 
treatment. Betv\/een 60-80d, treatments 0 .01% and 0.02% 
were at par in effect among them and were significantly 
superior to control and 0.03%. Between 80-100d and 100-
120d periods, control had significantly highest value and all 
the other treatments had statistically equal value. The 
interaction was found to be non-significant (Table 28). 
4.3.2 Biochemical parameters 
4.3.2.1 N, P and K concentration 
There was no significant difference between varieties 
and treatments in N content of the plants (Table 29). At 40 
DAS, variety Rohini had significantly higher P and K content 
than variety Varuna (Tables 30-31). At all other stages, 
there was no significant effect for treatments as well as for 
varieties (Tables 30-31). 
4.3.2.2 Nitrogen uptake 
Variety Rohini had more nitrogen uptake than Varuna 
at 40 DAS but from 60 DAS onwards Varuna had 
significantly higher N uptake than Rohini. At 40 DAS, the 
nitrogen uptake increased significantly as the thiamine 
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hydrochloride concentration increased. At 60, 80 and 120 
DAS, both 0.02% and 0.03% removed statistically equal 
amounts of N from soil and were significantly superior to 
0.01% thiamine hydrochloride treatment. Control and 0.01% 
produced at par values at 60, 100 and 120 DAS sampling. 
The interaction was found to be non-significant (Table 32). 
4.3.2.3 Phosphorus uptake 
Except at 40 DAS, when Rohini had significantly higher 
P uptake than Varuna, at all other stages, Varuna had more 
P uptake than Rohini. At 40 DAS, the P uptake increased 
significantly as there was an increase in thiamine 
hydrochloride concentration. At 60, 80 and 120 DAS, both 
0.02% and 0.03% removed statistically equal amount of 
phosphorus from soil, but the amount of P removed was 
significantly superior to control and 0.01% thiamine 
treatments. At 100 DAS, significantly highest values found 
in 0.03% thiamine treatment and all the other three 
treatments were statistically equal in their effect. The 
interaction effect was found to be non-significant (Table 33). 
4.3.2.4 Potassium uptake 
As in case of N and P uptake, K uptake was also more 
in variety Rohini than Varuna at 40 DAS. At all other stages, 
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variety Varuna had more values than Rohini. At first and 
final stages there was significant increase in K uptake as 
the thiamine hydrochloride concentration increased. At 60 
and 80 DAS, both 0.02% and 0.03% produced at par values 
and were significantly superior to that for other two 
treatments. 0.01% thiamine recorded higher value than 
control at 80 DAS but was at par with control at 60 and 100 
DAS. At 100 DAS, significantly highest value was found in 
0.03% treatment. The interaction effect was found to be 
non-significant (Table 34). 
4.3.3 Yield parameters 
Out of the several yield parameters, 1000 seed weight 
was found to be non-significant (Table 35) and for 
seeds/pod and harvest index, there was significant 
difference only between the varieties (Table 35-36). Variety 
Varuna registered more seeds/pod and harvest index than 
Rohini (Tables 35-36). The pod number (Table 35), 
biological yield (Table 36) and seed yield (Table 36) were 
significantly more in variety Varuna than that of variety 
Rohini. The pods number and biological yield increased 
significantly as there was an increase in the concentration 
of thiamine. Treatment 0.03% thiamine registered 
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significantly highest seed yield and control the lowest. 
Treatments 0.01% and 0.02% were statistically equal. The 
interaction effect was found to be non-significant for all 
parameters (Tables 35-36). 
4.3.4 Quality parameters 
Variety Varuna had significantly more oil content than 
variety Rohini (Table 37), but thiamine hydrochloride did not 
affect the oil content of the seed significantly. Treatments 
0.02% and 0.03%) yielded statistically equal amount of oil 
but were significantly superior to control. Oil yield of 0.03% 
thiamine was significantly more than that of 0.01% 
treatment. The interaction effect was found to be non-
significant (Table 37). 
The quality of oil determined in terms of acid value, 
iodine value and saponification value were found to be non-
significant between varieties as well as different thiamine 
treatments (Table 37). 
4.4 Experiment 4 
This experiment was conducted to find out the effect of 
spraying of aqueous solutions of three different 
concentrations of thiamine hydrochloride at 40 DAS. The 
concentrations of spraying were 0.01, 0.02 and 0.03%) 
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thiamine hydrochloride and variety was Varuna, selected 
from Experiments 1 and 2. Water spraying was maintained 
as control. The results obtained are described here in the 
following pages (Tables 38-44). 
4.4.1 Growth parameters 
4.4.1.1 Shoot length 
It was found that there was no significant difference in 
shoot length due to concentrations of thiamine spraying 
(Table 38). 
4.4.1.2 Plant fresh weight 
The increase in fresh weight due to thiamine spray was 
found only from 80 DAS onwards (Table 39). It was found 
that at 80 DAS, spraying plants with 0.02 and 0.03% 
thiamine gave statistically equal effects, where they 
produced significantly higher fresh weight than control and 
0.01% treatments. At 100 and 120 DAS, the value found for 
0 .01% was at par with control on one hand and other 
thiamine treatments on the other. However, 0.02% and 
0.03% were significantly superior to control (Table 39). 
4.4.1.3 Plant dry weight 
As in fresh weight, significant difference between 
treatments started only from 80 DAS (Table 39) and at that 
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Stage all the three spray treatments had value significantly 
higher than that of control. At 100 and 120 DAS, spray 
concentrations 0.02% and 0.03% were statistically equal in 
dry weight production but significantly superior to control 
and 0.01% thiamine treatments in effect. The values found 
in control and 0.01% thiamine were statistically equal (Table 
39). 
4.4.1.4 Leaf area 
It was found that there was no significant effect on leaf 
area due to thiamine hydrochloride spray on mustard (Table 
38). 
4.4.1.5 Leaf area index 
Leaf area index followed the same pattern as in case 
of leaf area (Table 38). 
4.4.1.6 Crop growth rate 
The crop growth rate (CGR) due to thiamine 
hydrochloride spray increased between 40-60d and 60-80d 
periods. It was found that spray concentrations 0.02% and 
0.03% were significantly superior to control and 0.01% 
spray treatments. Spray strength of 0 .01% was at par with 
control between 40-60d period but was superior to control 
between 60-80d period. Between 80-100d and 100-120d 
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periods, significantly higliest value was found in control 
(Table 40). 
4.4.1.7 Relative growth rate 
It was found that between 40-60d and 60-80d periods 
spray treatments improved the relative growth rate (RGR). 
Between 40-60d period, concentrations 0.02% and 0.03% 
produced at par RGR and were significantly superior to 
control and 0.01% spray treatments. However, between 60-
80d period, all thiamine spray treatments were statistically 
equal and superior to control. At final two stages i.e. 80-
100d and 100-120d, significantly highest RGR was found in 
control treatment (Table 40). 
4.4.1.8 Net assimilation rate 
The net assimilation rate (NAR) was significant only for 
60-80d period and during that period spray treatments 
0.02% and 0.03% registered significantly highest NAR than 
control and 0.01% treatments (Table 40). 
4.4,2 Biochemical parameters 
4.4.2.1 N, P and K concentration 
It was found that concentrations of N, P and K were 
not affected by spray treatments (Table 41). 
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4.4.2.2 Nitrogen uptake 
From 60 DAS, the nitrogen uptake was affected by 
thiamine spray treatments (Table 42). It was found that at 
60 and 80 DAS, the values found at 0.03% thiamine spray 
were significantly maximum. Treatment 0.02% thiamine 
spray gave at par value with that for 0.01% thiamine spray 
treatment at 60 DAS and was significantly superior at 80 
DAS. At all stages, control had significantly lowest value. At 
100 and 120 DAS all the three spray treatments had 
significantly equal value (Table 42). 
4.4.2.3 Phosphorus uptake 
Phosphorus uptake was significant only from 80 DAS 
onwards (Table 42). At 80 DAS, spray treatment 0.02% was 
at par in effect with 0.03% on one hand and 0.01% on the 
other hand in P uptake. Significant lowest value was found 
in control. At 100 and 120 DAS, control and 0.01% 
treatments registered at par P uptake and were significantly 
inferior to the statistically equal values given by 0.02% and 
0.03% treatments (Table 42). 
4.4.2.4 Potassium uptake 
In the potassium uptake, the data was significant from 
60 DAS onwards (Table 42). At 60 DAS, spray treatment 
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0.03% produced value, which was significantly superior to 
the values that for all other treatments and all other 
treatments registered statistically equal values. At 80 DAS, 
treatments 0.02% and 0.03% had value significantly superior 
to 0 .01% whereas at 100 DAS, all the three spray 
treatments had statistically equal value. During these two 
stages, significantly lowest value was found in control. At 
120 DAS, control treatment had value statistically equal to 
that for 0.01% spray treatment and was significantly inferior 
to 0.02% treatment. Significant highest value was found in 
0.03% spray treatment (Table 42). 
4.4.3 Yield parameters 
It was found that the data on seed number, 1000 seed 
weight and harvest index were non-significant. The number 
of pods was significantly higher for treatment 0.02% 
thiamine than 0.01% thiamine and it was at par with 0.03% 
thiamine treatment. Control treatment had significantly 
lowest value. The biological yield of treatments 0.02% and 
0.03% were statistically equal and significantly superior to 
other two treatments, which were at par among them. The 
seed yield of all the three thiamine spray treatments was 
statistically equal and treatments 0.02% and 0.03% were 
117 
significantly superior to control treatment. Control treatment 
value was at par with the 0.01% thiamine treatment (Table 
43). 
4.4.4 Quality parameters 
There was no significant difference in oil content due 
to thiamine spray but oil yield of the treatment 0.02% and 
0.03% were statistically equal and significantly superior to 
control and 0.01% thiamine hydrochloride treatments. 
The acid, iodine and saponification values were found 
to be not affected by thiamine spray treatments (Table 44). 
4.6 Experiment 5 
This experiment was conducted to find out the change, 
if any, in the requirement of N and P fertilizers due to seed 
treatment with aqueous thiamine hydrochloride solution. The 
seed soaking treatment used in this experiment was 0.03% 
thiamine hydrochloride solution (based on the findings of 
Experiment 1 and 2). Water soaked seeds were used as 
control. The seeds treated with these soaking treatments 
were raised into plants along with basal levels of nitrogen 
(0, 30, 60 and 90 kg N/ha) and basal levels of phosphorus 
(0, 30 and 60 kg P/ha). All possible combinations of these 
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two fertilizers were taken as treatments. The results 
obtained are described in the following pages. 
4.5.1 Growth parameters 
4.5.1.1 Shoot length 
At all sampling stages, the data on shoot length was 
found non-significant (Table 45). 
4.5.1.2 Plant fresh weight 
At all sampling stages, seed treatment with thiamine 
hydrochloride produced significantly higher fresh weight 
than control. Phosphorus treatments 30 and 60kg/ha gave at 
par values and were significantly superior to that for Okg/ha 
treatment. The fresh weight increased, as there was an 
increase for N applied. In two-way interaction only soaking 
and nitrogen interaction was significant and it was found 
that at 0 level of N there was no difference between seed 
soaking with thiamine or water. The three-way interaction 
was found to be non-significant (Table 46). 
4.5.1.3 Plant dry weight 
At all stages, soaking the seeds in thiamine 
hydrochloride increased the biomass production 
significantly. Nitrogen application also increased the 
biomass production. Except at 40 DAS, where there was 
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significant difference between 30 and 60kg P/ha at all 
stages. Both these treatments gave at par values and 
significantly superior to that for 0kg P/ha treatment. At all 
the stages, both soaking x nitrogen and phosphorus x 
nitrogen interactions were significant except at 80 DAS 
where only soaking x nitrogen interaction was found 
significant. At all the stages, soaking x phosphorus was 
found non-significant. The three way interaction (soaking x 
phosphorus x nitrogen) was found to be non-significant 
(Table 47). 
4.5.1.4 Leaf area 
At all sampling stages, soaking the seeds in 0.03% 
thiamine hydrochloride solution before sowing produced 
more leaf area than that of water soaked control. Applying 
60kg P/ha did not increase the leaf area significantly than 
that for 30kg P/ha but both these treatments produced 
significantly more leaf area than 0kg P/ha treatment. As the 
amount of N increased, there was significant increase in leaf 
area. At 40 DAS, only soaking x nitrogen interaction was 
significant and it was found that at 0kg N/ha level, there was 
no significant difference between thiamine soaking and 
water soaking treatments. At all other stages, except at 120 
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DAS, there was no significant difference between 
phosphorus and soaking treatment when nitrogen 
application was withheld. At final stage, all interactions were 
non-significant and the three-way interaction was non-
significant at all stages (Table 48). 
4.5.1.5 Leaf area Index 
Leaf area index followed the same pattern as in case 
of leaf area (Table 49). 
4.5.1.6 Crop growth rate 
Upto 80 DAS, the crop growth rate (CGR) was more in 
thiamine hydrochloride soaking treatment as compared to 
water soaking. From 80 DAS onwards water soaking 
treatment registered higher CGR. Except soaking 
treatments, all other treatments were non-significant at 120 
DAS. At 40 DAS, 30kg P/ha produced significantly more 
CGR than 60kg P/ha, which in turn was superior to 0kg P/ha 
treatment. At all other stages, both 30 and 60kg P/ha were 
statistically equally effective but were superior to 0kg P/ha 
treatment. Upto 80 DAS, the CGR increased as there was an 
increase in applied nitrogen, but between 80 and 100 DAS, 
there was no significant difference between 30, 60 and 90kg 
N/ha treatments. All these treatments were significantly 
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superior to 0kg N/ha. At 40 DAS, the soaking x piiospiiorus 
interaction was non-significant, but soaking x nitrogen and 
phosphorus x nitrogen were significant. It was found that 
there was no significant difference between soaking and 
phosphorus level when nitrogen was not applied. Between 
40-60 and 60-80, the phosphorus x nitrogen was found to be 
non-significant, whereas soaking x phosphorus and soaking 
x nitrogen were significant. Between 40-60 DAS period, 
there was no difference between P levels when seeds were 
soaked in water whereas between 60-80 DAS period, the 
difference between P levels were non-significant when the 
seeds were soaked in thiamine hydrochloride. At both 
stages, there was no significant difference between soaking 
treatments when N application was withheld. Between 80-
100 DAS period, all the two-way interactions (soaking x P, 
soaking x N and P x N) were significant. In soaking x P 
interaction, it was found that there was no difference 
between soaking treatments when applied P was 30 or 
60kg/ha. In soaking x N interaction, it was found that both 
water soaking and thiamine hydrochloride were statistically 
equal when nitrogen was not applied. The three-way 
122 
interaction was found to be non-significant at all stages of 
growth (Table 50). 
4.5.1.7 Relative growth rate 
At initial stage, there was significant increase in 
relative growth rate (RGR) due to thiamine hydrochloride 
soaking treatment. At 60 and 80 DAS, it was non-significant 
and after 80 DAS, water soaking had significantly more RGR 
than thiamine hydrochloride soaking upto 100 DAS. There 
was non-significant difference due to P application whereas 
between 100-120 DAS, 0kg P/ha had significantly more 
RGR. At 40 DAS, 60 and 90kg N/ha produced statistically 
equal values and were significantly superior to that for 0 and 
30kg N/ha. Between 40-60 DAS period, significant highest 
value was found for 30kg N/ha. Treatment 60kg N/ha was 
equally effective with 90kg N/ha but superior to 0kg N/ha. 
Between 60-80 DAS period, highest value was found for 
treatment 0kg N/ha followed by treatment 60kg N/ha, which 
was at par with 90kg N/ha. From 80 DAS onwards, the RGR 
was more in 0kg N/ha treatment. The soaking x nitrogen 
interaction was significant and it was found that there was 
no difference between soaking treatments when N was not 
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applied. All other interactions were found to be non-
significant (Table 54). 
4.5.1.8 Net asslmllatjon rate 
The net assimilation rate (NAR) was more due to 
thiamine soaking between 0-40d and less after 80 DAS. It 
was non-significant between 40-80d period. The NAR was 
significantly more due to P application at 0-40d and 80-1 OOd 
periods and less between 100-120d period. Between 40-80d 
period, there was no significant difference. Significantly 
lowest NAR was found at 0kg N/ha upto 60 DAS. Only 
soaking x N interaction was significant between 0-40d 
period and there was no difference in NAR between 
thiamine and water soaking treatments when N was not 
applied. The three-way interaction was not significant (Table 
52). 
4.6.2 Biochemical parameters 
4.5.2.1 N, P and K concentration 
4.5.2.1.1 Nitrogen content 
There was no significant difference between seed 
soaking with thiamine and water soaking treatments for 
nitrogen content at all stages of growth. There was 
significant difference between phosphorus treatment and it 
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was found that 0 kg P/ha had significantly more nitrogen as 
compared to 30 and 60 kg P/ha. Application of nitrogen 
increased the nitrogen content significantly. All two-way and 
three-way interactions were found to be non-significant 
(Table 53). 
4.5.2.1.2 Phosphorus content 
The P content as in case of N content found to be non-
significant for seed soaking in thiamine and water soaking 
treatments. The P content increased significantly as the 
applied P increased whereas the P content decreased, as 
there was an increase in applied N at all sampling stages. 
Two-way and three-way interactions were found to be non-
significant (Table 54). 
4.5.2.1.3 Potassium content 
There was no significant difference between seed 
soaking with thiamine and water soaking treatments for K 
content (Table ). At all stages, treatments 30 and 60kg P/ha 
had significantly less P content than 0 kg P/ha treatment. 
The K content of the treatment where N was not applied was 
significantly more than that forSOkg N/ha, which in turn was 
significantly more than that for 60 and 90kg N/ha 
treatments. Both 60 and 90kg N/ha treatments were 
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Statistically equal to each other. The interaction effects were 
also found to be non-significant (Table 55). 
4.5.2.2 N, P and K uptake 
4.5.2.2.1 Nitrogen uptake 
Thiamine hydrochloride soaking treatment increased 
the N uptake significantly as compared to water soaking at 
all sampling stages. At 40, 60 and 100 DAS, 30 kg P/ha and 
60 kg P/ha registered significantly higher N uptake than 0 kg 
P/ha treatment. At 80 DAS, there was no significant 
difference between P treatments and at 120 DAS, the values 
for 0 kg P/ha and 30 kg P/ha treatment were at par, but 
significantly inferior to the value obtained for 60 kg P/ha 
treatment. At all sampling stages, the N uptake increased 
significantly as the amount of applied nitrogen increased. 
The soaking x N interaction was significant at all stages and 
it was found that N uptake was non-significant between 
soaking treatments when N was not applied. The soaking x 
P interaction was non-significant at all sampling stages. P x 
N interaction was significant at 40, 100 and 120 DAS, and at 
all stages, there was no significant difference between P 
levels when nitrogen was not applied. The three-way 
interaction was found to be non-significant (Table 56). 
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4.5.2.2.2 Phosphorus uptake 
As in the case of N uptake, the P uptake was recorded 
significantly gigher due to thiamine hydrochloride soaking 
when compared to water soaking. The P uptake increased 
significantly as there was an increase in applied P. Upto 60 
DAS, there was significant increase in P uptake as there 
was an increase in applied N whereas after 60 DAS, 60 kg 
N/ha and 90 kg N/ha treatments gave at par values. These 
values were significantly superior to that for 30 kg N/ha, 
which in turn was superior to 0 kg N/ha treatment. Soaking x 
P interaction and three-way interactions were found to be 
non significant at all stages. As in other cases, there was no 
significant difference between soaking and phosphorus 
treatments when nitrogen was not applied (Table 57). 
4.5.2.2.3 Potassium uptake 
Soaking the seeds in thiamine hydrochloride before 
sowing increased the potassium uptake as compared to 
water soaking. At 40 DAS, 30 kg P/ha gave significantly 
more K uptake than 0 kg P/ha, but significantly less K 
uptake than that for 60 kg P/ha treatment. At 60 and 100 
DAS, both 30 kg P/ha and 60 kg P/ha were equally effective 
and significantly superior to 0 kg P/ha treatment. At 80 DAS, 
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there was no significant difference between phosphorus 
treatments. At 120 DAS, 0 kg P/ha produced at par value 
with that for 30 kg P/ha and 60 kg P/ha. The K uptake 
increased significantly as the applied nitrogen increased. 
The soaking x P interaction was found to be non-significant 
at any stage. The soaking x N interaction was significant at 
all sampling stages and there was no difference in soaking 
when N was not applied. The P x N and three-way 
interactions were found to be non-significant (Table 58). 
4.5.3 Yield parameters 
4.5.3.1 Pod number 
Thiamine hydrochloride soaking significantly increased 
the number of pods as compared to water soaking. There 
was no significant difference between 30 kg P/ha and 60 kg 
P/ha in pod number, but they were significantly superior to 0 
kg P/ha. Upto 60 N/ha, there was significant increase in pod 
number but 60 kg N/ha and 90 kg N/ha gave statistically 
equal number of pods. Only soaking x N interaction was 
significant and it was found that there was no difference 
between soaking treatments at 0 kg N/ha treatment (Table 
59). 
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4.5.3.2 Seed number 
Seed number was affected only by N application 
whereas soaking and P application did not have any effect. 
It was found that the seed number was reduced when N 
application was withheld. All interactions were found to be 
non-significant (Table 59). 
4.5.3.3 1000 seed weight 
The 1000 seed weight was affected only by P 
application and it was found that both 30 kg P/ha and 60 kg 
P/ha gave statistically equal values and significantly 
superior to that for 0 kg P/ha treatment (Table 60). 
4.5.3.4 Bioiogical yield 
Seed soaking in thiamine hydrochloride solution 
increased the biological yield significantly as compared to 
water soaking treatment. There was no difference between 
30 kg P/ha and 60 kg P/ha but both these treatments were 
superior in effect to that of 0 kg P/ha treatment. There was 
significant increase in biological yield as the amount of 
applied N increased. Only soaking x N interaction was 
significant and it was found that there was no difference 
between soaking treatments when N was not applied (Table 
60). 
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4.5.3.5 Harvest index 
There was no difference in harvest index due to seed 
soaking in thiamine or water. P application upto 30 kg P/ha 
increased the harvest index. On the other hand, application 
of nitrogen at 60 kg N/ha and 90 kg N/ha decreased the 
harvest index significantly. The interaction effects were 
found to be non-significant (Table 61). 
4.5.3.6 Seed yield 
The seed yield was increased significantly due to 
thiamine soaking. Application of 30 kg P/ha and 60 kg P/ha 
was found to be equally effective but significantly superior 
to 0 kg P/ha treatment. There was significant increase in the 
yield due to N application upto 60 kg N/ha treatment. 
Increasing the nitrogen dose did not significantly increase 
the seed yield. Only soaking x N interaction was found 
significant and at 0 kg N/ha, there was no difference 
between water and thiamine soaking (Table 60). 
4.5.4 Quality parameters 
4.5.4.1 Oil content 
The oil content was not affected significantly by 
soaking treatments, but P application increased the oil 
content significantly when compared to 0 kg P/ha level. The 
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oil content was found higher when nitrogen was not applied 
as compared to treatments where nitrogen was applied. The 
interaction effects was found to be non-significant (Table 
61). 
4.6.4.2 Oil yield 
Thiamine soaking yielded significantly more oil yield 
than water soaking. There was no significant difference in 
oil yield between 30 kg P/ha and 60 kg P/ha. However, when 
compared to 0 kg P/ha, there was significant increase in oil 
yield. There was significant increase in oil yield upto 60 kg 
N/ha and 90 kg N/ha recorded significantly equal value. 
Only soaking x N interaction was significant and there was 
no oil yield increase due to thiamine soaking when N was 
not applied (Table 61). 
4.5.4.3 Acid, Iodine and Saponfication value 
The data on these parameters were found non-
significant (Tables 62). 
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CHAPTER-5 
DISCUSSION 
5.1 Introduction 
The productivity of a crop is an outcome of the 
interaction that operates between its genetic potential and 
the surroundings in which it is cultivated. These interactions 
constitute different isolated systems (acting synergistically 
with variable flexibilities), which regulate the entire course 
of crop development. Therefore, any disturbance in such 
system results in poor development of the crop. Interaction 
of soil atmosphere and root system of a crop is one of such 
systems. It is restricted by a definite influential zone called 
rhizosphere on the one hand and availability of nutrients 
and water on the other. Therefore, adequate absorption of 
nutrients and water coupled with their proper absorption 
through roots plays a crucial role in the life of a plant and 
helps in accomplishing its full genetic potential. Any 
impairment in this delicate relationship leads to ill 
consequences. The ideal situation for efficient functioning of 
this system may be accomplished either by additional supply 
of synthetic fertilizers, particularly of N, P and K, or by 
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increasing the proliferation of root system in order to make 
it more efficient in exploring the soil. Ironically, soil applied 
nutrients have limited advantage in maintaining the system 
as they usually become unavailable to plants due to fixation, 
leaching and volatilization (Russell, 1950). The other option-
that of proliferating root system- offers ample opportunity to 
plant physiologists to apply their skill. It has added 
advantage in curtailing the quantity of soil-applied nutrients 
leading to considerable fertilizer economy and the protection 
of environment against the menace of soil and water 
pollution. 
At Aligarh, Samiullah and their associates, working on 
various crops noted that pyridoxine administered to seeds 
before sowing (or to a lesser degree when sprayed on 
standing crops at proper growth stages) enhanced not only 
root growth but also yield and quality of some cereals, 
legumes and oilseeds (Afridi et al., 1979; 1985; Ahmad, 
1975; Ahmad et al., 1981;1982; Khan and Ansari, 1984; 
Samiullah et a/.,1988; 1991; 1992; Lone et al, 2000; Khan 
and Samiullah, 2001). However, thiamine (vitamin Bi) was 
not considered in this programme. For oilseed crops, 
thiamine may have a special role because of the sulphur 
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content present in it. Therefore, five experiments were 
conducted on mustard {Brassica juncea L. Czern & Coss.) 
with a view to augmenting its performance to cope with the 
national demand for additional quantities of edible oil and, 
at the same time to achieve fertilizer economy. These 
experiments were conducted on the following lines: 
1. To test the efficacy of seed enrichment with thiamine 
(vitamin Bi) on the morphophysiology and productivity of 
mustard. 
2. To test the efficacy of pre-sowing seed treatment with 
thiamine on improving the performance of mustard 
cultivars. 
3. To study the method of application of thiamine for higher 
yield of mustard. 
4. To study the effect of pre-sowing seed treatment with 
thiamine in achieving fertilizer economy. 
Experiments were conducted to find out the effect of B-
vitamin (Thiamine-vitamin Bi) in improving the productivity 
and quality of rapeseed-mustard {Brassica juncea L.) and 
the changes in the fertilizer requirement due to thiamine 
treatments. In Experiment 1 and 2 attempts was made to 
find out the most suitable concentration of thiamine for 
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soaking of mustard seeds grown in pot and field conditions 
respectively. In Experiment 3, the authenticity of the first 
two experiment findings was tested in two different varieties. 
In the Experiment 4, the best concentration of thiamine 
required for spraying on the plants was determined and in 
the Experiment 5, the effect of best concentration of 
thiamine for seed soaking of rapeseed-mustard grown under 
different combinations of nitrogen and phosphorus fertilizers 
was studied. The results obtained are discussed in this 
chapter. Since all the experiments were interrelated to each 
other and parameters studied were same, the results are 
discussed parameter wise rather than experiment wise, to 
avoid repetition of the discussion. 
5.2 Growth parameters 
Among several growth parameters, visually 
appreciable difference was noted on plant height. In 
Experiment 1 and 2, six concentrations of thiamine along 
with control were tested for seed soaking. It was found that 
there was about 37.0% and 11.6% increase in plant height 
due to 0.03% thiamine soaking when compared to control in 
pot and field experiments respectively (Tables 6, 14). In 
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Experiment 3, out of the two varieties, Varuna was 28.4% 
taller than Rohini (Table 21). In Experiment 4, spraying of 
thiamine did not increase the plant height (Table 38) and in 
Experiment 5, it was found that there was only 27% increase 
in plant height due to thiamine soaking treatment (Table 45). 
There was 19.4%) increase in plant height due to 60kg P 
application and 30.9%o increase due to 90kg N application 
when compared to respective controls (Table 45). The 
increase in plant height due to thiamine soaking might be 
due to the increased absorption of nutrients from soil by 
increased root growth. In Experiment 1, root growth was 
studied in pot; it was found that from initial stage (40 DAS) 
onwards, there was an increase in root fresh weight and dry 
weight due to thiamine soaking. It was found that at the 
stage when the weight was maximum, there was 37.0%) and 
48.1%) increase in root fresh weight and dry weight 
respectively due to 0.03% thiamine soaking when compared 
to control (Table 7). Spraying of thiamine on the plant at 40 
DAS might have not improved the root growth and so plant 
height. It was also found that there was an improvement in 
leaf area due to thiamine soaking or spraying whereas the 
thiamine soaking of 0.03% concentration increased the leaf 
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area by 28.1% and 20.7% at 80 DAS in comparison to water 
soaking in pot and field experiments respectively (Tables 6, 
14). Out of the two varieties, Varuna had 11.3% more leaf 
area than Rohini (Table 24). In Experiment 5, there was no 
significant difference in leaf area between soaking 
treatments when nitrogen application was with held (Table 
48). At optimum nitrogen level i.e. 60kg N/ha, there was 
24.8% more leaf area in thiamine soaking treatment than 
control at 80 DAS. There was significant difference in leaf 
area upto 90kg N/ha treatment, the difference between 0 
and 90kg N/ha treatment was found to be 118%, and 
between 0 and 30kg P/ha were found to be 13.6% (Table 
48). The very high increase in leaf area signifies the role 
played by N in vegetative growth. Increase in leaf area and 
plant height due to N and P fertilization and B-vitamin 
treatment were reported by number of farm scientists 
including Ovcharov and Kulieva (1968); Khan et al. (1990); 
Samiullah et al. (1991) and Samiuliah et al. (1992). 
Increased leaf area accompanied by increased net 
assimilation rate (NAR) (at initial stage) resulted in 
increased crop growth rate (CGR) and higher dry weight. In 
Experiment 4, where spraying was done, there was about 
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68.3% increase in net assimilation rate between 60-80 DAS 
in 0.02% thiamine spray treatment in comparison to control. 
The increase in NAR might have resulted in increased CGR 
and dry weight. It was found that there was 72.6% more 
CGR and 40.6% more RGR in 0.02%) thiamine spray in 
comparison to control (Table 40). The increase in dry weight 
at harvest due to these factors was 14.2% and fresh weight 
was 17.6% in 0.02% spray treatment than control (Table 
39). Even though the crop growth rate was 72.6%) more at 
60-80 DAS, there was only 14.2% more dry weight at 
harvest. This might be due to increased competition 
between well-grown plants after 80 DAS for all natural 
resources. After 60-80 DAS, the NAR, RGR and CGR were 
found to be less in 0.02%) spray treatments than control 
where competition between plants were less. 
In Experiment 1 and 2, the 40.6% and 17.2% increase 
in dry weight and 48.2% and 16.8% increase in fresh weight 
respectively between control and 0.03% thiamine soaking 
was mainly due to increased leaf area and not due to NAR 
and RGR. The increased leaf area increased the CGR by 
6 1 % and 49.6% at 0-40 DAS and by 21.4% and 20.8% at 40-
60 DAS in Experiment 1 and 2 respectively. 
•J 
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In Experiment 5, it was found that along with increased 
leaf area there was increased NAR upto 60 DAS due to 
nitrogen and phosphorus application. It was found that 
between 0-40 DAS, there was 43.6% increase in NAR in 
90kg N/ha treatment than 0kg N/ha treatment and 7.0% 
more NAR in 30kg P/ha than 0kg P/ha treatment (Table 52). 
Increased leaf area and NAR resulted in 191.6% and 20.2% 
increase in CGR between 0-40 and 40-80 DAS respectively 
and 96.3% and 20.8% increase in dry and fresh respectively 
between 0 and 90kg N/ha treatments (Tables 46-50). Even 
though the CGR was very high in 90kg N/ha treatment at 
initial stage, at final stage, it was less than control due to 
mustard competition between the plants of these treatments. 
This might be the reason for only 96.3%) increase in dry 
matter production. The increase in CGR at 0-40 DAS stage 
between 0-30kg P/ha was 14.3% and at 40-60 DAS stage, it 
was 16.7%. At final stage the increase in dry and fresh 
weight between 0 and 30kg P/ha treatments were 9.8 and 
16.1% respectively. Increase in CGR, NAR, RGR, dry and 
fresh weight due to N and P application is well documented 
(Samiullah et al., 1990; Patel et al., 1996). 
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Correlation studies showed that leaf area at 80 DAS 
was well correlated with dry weight at harvest in all 
experiments except Experiment 4, where NAR between SO-
SO DAS was significantly correlated with dry weight at 
harvest. The correlation coefficient between leaf area at 80 
DAS and dry weight at harvest were 0.8507**, 0.9324**, 
0.7653** and 0.9446** in Experiment 1, 2, 3 and 5 
respectively and between NAR (60-80 DAS) and dry weight 
(harvest) in Experiment 4 was 0.9112**. In Experiment 3, 
out of two varieties, Varuna produced 35.8% more dry 
weight in comparison to Rohini and there was no difference 
in fresh weight. This might be due to the fact that variety 
Varuna had comparatively more water than Rohini. 
5.3 Biochemical parameters 
In the present study, it was found that soaking the 
seeds in thiamine (Experiments 1, 2, 3) or spraying of 
thiamine (Experiment 4) on plants increased nutrient 
concentration through increased growth and thus more 
nutrients were removed from the soil, thereby showing 
increased N, P and K uptake. On the other hand, application 
of N and P increased its respective concentration in plant 
tissues and improved its uptake (Experiment 5). It was 
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found that at 100 DAS, when the uptake was maximum, 
there was 28.9, 37.5 and 27.7% more N, P and K uptake 
respectively in Experiment 1 due to 0.03% thiamine soaking 
and in Experiment 2, it was 14.1, 24.0 and 15.8% higher as 
compared to control (Tables 11, 18). 
In Experiment 3, variety Varuna accumulated 35.1, 
37.1 and 36.3% more N, P and K uptake respectively than 
Rohini (Tables 32-34). Spraying of thiamine solution at 
0.02% increased the N, P and K uptake by 17.1, 24.0 and 
30.5% respectively in comparison to water spray 
(Experiment 4) (Table 42). In Experiment 5, it was found 
that there was increase in N concentration due to N 
application and increase in P concentration due to P 
application. Whereas there was decrease in P and K 
concentrations in plant tissues due to N application and 
decrease in N and K concentration due to P application. In 
first case, when N application was withheld, the plant growth 
was restricted but the availability of P and K was not limited. 
Therefore, the plants of the treatments where N was not 
applied accumulated more P and K than the treatments 
where N was applied. In other words, only N was the 
growth-limiting factor and so the other two nutrients studied 
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was accumulated. In the second case, the growth and 
limiting factor was P and the plants showed reduced growth 
in 0kg P/ha treatment. However, N and K were not the 
limiting factor and so they were accumulated. That is the 
reason for the plants in treatment 0kg P/ha showed more N 
and K concentrations in plant tissues. The uptake of all the 
three nutrients increased due to both N and P application. It 
was found that there was 35.6%, 54.2% and 84.1% more N, 
P and K uptake respectively between 0 and 90kg N/ha and 
8.5, 24.3 and 8.3% more N, P and K uptake respectively 
between 0 and 30kg P/ha treatments. From the percentage 
calculation, the importance of N application for plant growth 
and yield is clear in N poor soil. The growth of plants in 0kg 
N/ha was so poor that there was more than 350% decrease 
in N uptake (Tables 53-58). If an attempt is made to find out 
the role of applied nutrient in its uptake, it seems to be 
interesting and so the fertilizers use efficiency was 
calculated and the effect of seed soaking in thiamine in 
improving the fertilizer use efficiency was studied. Increase 
in nutrient uptake due to N and P application and B-vitamin 
(pyridoxine) soaking was also reported by Samiullah et al., 
1988; Samiullah et al., 1991; 1992; Khan et al., 1993. 
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5.4 Fertilizer use efficiency 
This was calculated by dividing the increase in nutrient 
uptake (because of fertilizer application) by the amount of 
fertilizers applied. Values at 100 DAS samplings were 
utilized for the calculation, as the uptake was maximum 
during this stage. The N use efficiency due to N application 
and the P use efficiency due to P application is shown in 
Table 63. 
It was found that at sub-optimal level of N application, 
the percent fertilizer utilized was lesser than that of optimal 
level. It is to be noted that the optimal level of N 
requirement for maximum growth was 90kg/ha. It was also 
found that only very less per cent of the applied P was 
utilized by the plants and the remaining might have got fixed 
in soil. It was found that increase in P fertilizer application 
over optimum requirement reduced the fertilizer use 
efficiency. In general, thiamine soaking increased the 
fertilizer use efficiency as compared to water soaking 
treatment. This positive effect of soaking treatment on 
fertilizer use efficiency might be due to increased root 
growth in soaking treatment, which increased nutrient 
accumulation and thus plant growth and development. 
Table 63. Fertilizer use efficiency of mustard crop due to pre-
sowing seed treatment with thiamine 
Fe 
Amount of 
fertilizer 
applied 
(kg/ha) 
(1) 
Nitrogen 
30 
60 
90 
Phosphorus 
30 
60 
rtilizer use efficie sncy of mustard 
Percent fertilizer used 
Water soaking 
(2) 
70.00 
83.80 
83.70 
4.53 
3.28 
Thiamine 
soaking 
(3) 
112.40 
132.00 
119.00 
6.51 
4.68 
crop 
% Increase in 
fertilizer use 
efficiency due to 
thiamine 
soaking 
(3)-(2)/(2)x100 
(4) 
60.60 
57.50 
42.20 
43.70 
42.70 
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5.5 Yield and yield parameters 
The main aim of conducting these experiments was to 
find out an effective method to increase the seed yield of 
mustard together with achieving fertilizer economy, If 
possible. It was found that soaking the mustard seeds in 
0.03% thiamine solution increased the number of pod/plant 
but did not have any effect on seed/pod and 1000 seed 
weight (Tables 12, 19). It was found that there were 32.6% 
more pods in 0.03% treatment when compared to control in 
Experiment 1 and 34.3% more in Experiment 2 (field 
experiment). Spraying of thiamine at 0.02%) concentration 
also contributed for yield increase only through increasing 
pods/plant and the increase was 29.1% when compared to 
water sprayed control (Table 43). The increase in pod 
number/plant directly reflected in seed yield and it was 
found that the per cent increase in seed yield due to 0.03%) 
thiamine soaking when compared to control was 36.9% in 
Experiment 1 and 21.2% in Experiment 2. Correlation co-
efficient values of various parameters for Experiment 2 and 
Experiment 5 are given in Table 66. 
Regression analysis of the data showed that the 
relationship between soaking and seed yield was hyperbolic 
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in both experiments (Experiment 1 and 2) and it was found 
that the required concentration of thiamine for optimum yield 
in field is a little higher than 0.03% i.e. 0.034%. Therefore, 
0.03% can be concluded as an most suitable concentration 
for soaking the seeds (Fig. 12). 
In Experiment 4, per cent increase in seed yield due to 
0.02% of thiamine spray was to be 15.9%). It was found that 
in these experiments, the efficiency of translocation (harvest 
index) was found to be not affected. In Experiment 3, both 
the varieties responded in the same way i.e. there was no 
significant difference in seed/pod, 1000 seed weight and 
harvest index but the seed yield increased due to increased 
number of pod/plant, it was found that between water 
soaking and 0.03% thiamine soaking, there was 24.0% and 
19.0% increase in pod number/plant and 23.1 and 18.4% in 
seed yield in variety Vi and V2 respectively. It was found 
that variety Varuna bore 32.1% more pod number, 3.9% 
more seeds/pod and 51.0% more seed yield than that of 
variety Rohini. In fact, Varuna has been well established as 
the best suited variety of mustard for the region for more 
than two decades on the basis of seed yield and quality. 
Rohini was included in the trial because it is newly released 
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variety and comparison was made with most suited Varuna 
cultivar. 
In Experiment 5, application of N increased the seed 
yield by increasing pod number/plant and seeds/pod 
whereas application of P increased the seed yield by 
increasing pod number/plant and 1000 seed weight. 
Application of P found to be increases the oil content of 
seed (Vidyapati et al., 1981) and thereby the 1000 seed 
weight. It was found that there was 71.1% more pod 
number, 22.3% more seeds and 69.5% more yield in 60kg 
N/ha treatment than that of 0kg N/ha treatment. Application 
of 30kg P/ha increased pod number by 26.7% and 14.5% 
more 1000 seed weight and 26.1% more seed yield in 
comparison to 0kg P/ha treatment. 
Regression analysis showed that the relationship 
between applied N and seed yield was hyperbola and 
between applied P and seed yield was reciprocal logarithmic 
(Fig. 13). It was found that the requirement of N for optimum 
yield was about 65kg and P requirement was not very much 
important in increasing the yield (Fig. 13). 
The increase in biological yield was more due to N 
application than that of seed yield and so that the harvest 
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index reduced due to N application, whereas phosphorus 
application increased the harvest index. From the seed yield 
parameters, it was found that the optimum concentration for 
seed soaking was 0.03% and for spraying, it was 0.02%. Out 
of the two varieties, variety Vi was superior to \J2- The 
optimum requirement of N was 60kg/ha and P was 30kg/ha. 
It was also found that the soaking will be improving the yield 
only when nitrogen was also applied and in absence of N 
application there was no difference in seed yield between 
soaking treatments. It was found that seed yield was well 
correlated with pods/plant in all the five experiments (i.e. 
0.8858, 0.9492, 0.9659, 0.9865 and 0.9432 in Experiment 1, 
2, 3, 4 and 5 respectively) and it can be concluded that the 
increase in yield was mainly due to increased pod 
number/plant. 
5.6 Productive efficiency of fertilizer 
This parameter was calculated by the following formula 
Increase in yield due to fertilizer 
Amount of fertilizer applied 
In other words, increase in yield per unit of fertilizer applied. 
From the Table 64, it was noted that in control (water 
soaking), when the applied N was optimum, the fertilizer 
Table 64. Productive efficiency of fertilizers in mustard due to 
pre-sowing seed treatment with thiamine. 
Amount of 
fertilizer applied 
(kg/ha) 
(1) 
Nitrogen 
30 
60 
90 
Phosphorus 
30 
60 
Productive efficiency of fertilizers 
increase in seed 
fertilizer 
Water soaking 
(2) 
6.2 
7.9 
5.3 
6.3 
3.1 
yield (kg/kg 
Thiamine 
soaking 
(3) 
14.1 
12.0 
7.9 
11.9 
6.2 
% Increase in 
efficiency due 
to thiamine 
soaking (3)-
(2)/(2)x100 
(4) 
127.4 
51.9 
49.0 
88.9 
67.6 
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was well utilized for seed yield and decreased at sub and 
supra-optimal level. Whereas, when the seeds were soaked 
in thiamine, the seed yield/unit of N applied was more at 
sub-optimal level, which showed the Improvement in the 
productive efficiency of the fertilizer due to thiamine 
soaking. In general, the productive efficiency of N due to 
thiamine decreased as the amount of applied N increased. 
This was the case in P application also. In general, thiamine 
soaking improved the productive efficiency of the fertilizer. 
5.7 Nutrient Use Efficiency 
This parameter was calculated by dividing the percent 
increase in yield by the percent increase in nutrient uptake 
due to fertilizer treatment. 
It was found that most of the phosphorus absorbed 
(about 80%) was utilized for the production of the seed yield 
whereas only one fourth (25%) of nitrogen absorbed was 
utilized for economic yield, this might be due to the fact 
that, nitrogen, one of the main constituent of proteins, was 
utilized for vegetative growth whereas P, one of the 
constituent of the oil, was utilized for seed yield. It should 
be noted that thiamine soaking reduced the nutrient use 
efficiency at 60kg N/ha level than that of 30kg N/ha 
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treatment, which mean that more nitrogen was absorbed due 
to thiamine soaking, when it was more available. Therefore, 
nitrogen fertilizers should be judiciously applied otherwise N 
will be absorbed just for vegetative growth. In low N level, 
thiamine soaking increased the nutrient use efficiency of the 
crops (Table 65). 
5.8 Quali ty parameters 
For assessing oil quality, oil content, acid, iodine and 
saponification values of oil were determined. It may be 
added that low acid and iodine values are considered good 
for oil quality and denote good keeping and easy 
hydrogenation. High saponification value is good for 
digestibility and soap making quality. 
From the results, it was found that the quality of the 
mustard seed and oil remained unaltered due to thiamine 
soaking and spraying (no difference in oil content, acid, 
iodine and saponification values) whereas the oil yield 
increased due to increased seed yield (Tables 13, 20, 44). 
Application of nitrogen did not alter the oil content of 
the seed in the present study, but reports are available for 
reduced oil content due to N fertilization (Vir and Verma, 
1980; Samiullah ef a/., 1983; Singh and Rathi, 1985). It is 
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generally expected that plant with supra-optimum nitrogen 
levels to have more protein and might have increased ability 
to fill the sink (i.e. seed). Increase in the protein and 
carbohydrates in the seed might increase the size or in 
other words the weight of the seed thereby reducing the oil 
content. In the present study, there was no difference in the 
seed weight (1000 seed weight) and therefore no in the oil 
content in the seed was noted. There was significant 
decrease in acid and iodine value of the oil due to N 
application (Table 62). This result is in confirmation of the 
results of Mohammad et al. (1985) and Khan (1988) on 
mustard. There was an increase in saponification value and 
decrease in acid and iodine value due to P application 
(Table 62) further makes a positive as regard to quality of 
oil. The oil yield also increased due to increase in seed 
yield. 
5.9 Conclusion 
In the end it may be concluded that: 
1. Growth and yielding ability of mustard could be 
improved by pre-sowing seed treatment with 
economical dilutions of aqueous thiamine solution. 
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2. Varuna could be cultivated profitably with pre-sowing 
seed treatment with thiamine and Rohini could not 
compete the variety Varuna. 
3. The fertilizer requirement of mustard variety could be 
cut down by pre-sowing seed treatment with thiamine. 
4. Pre-sowing seed treatment with thiamine is more 
efficacious method as compared to its foliar spray. 
SUMMARY 
CHAPTER-6 
SUMMARY 
The present thesis "Morphophysiological Response of 
Mustard to Thiamine and N P Application" comprised of six 
chapters. 
In Chapter 1, the importance of the problem and 
lacunae in the understanding of the problem and 
justifications have been put forward for undertaking the 
present work. 
In Chapter 2, a review of the work done to study the 
response of the crops to individual and combined effect of 
B-vitamins and N P application has been done. 
Chapter 3 deals with the details of material and 
methods employed for the pot and field experiments 
conducted and relevant meteorological and edaphic data 
have been given. 
Chapter 4 includes the detailed data regarding crop 
response based on growth, leaf N, P and K content and 
accumulation, yield characteristics and oil quality. The 
results found significant and P<0.05 on performing 
statistical analysis according to the design of the experiment 
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have been discussed in the context of earlier findings in 
Chapter 5. 
The results obtained on the experiments conducted are 
summarized below: 
One pot and four field experiments were conducted on 
Brassica juncea L. Czern & Coss. cv. Varuna and Rohini 
during rabi season of 1993-95 at the net house and 
agriculture farm of Botany, Aligarh Muslim University, 
Aligarh, India. Experiments 1, 2 and 4 were carried out 
according to simple randomized block design and 
Experiments 3, and 5 according to factorial randomized 
block design. The data were mostly found significant and 
their salient points are given below. 
Experiment 1 (1993-94) was conducted according to 
simple randomized block design to establish the most 
suitable concentration for soaking of mustard in thiamine 
hydrochloride solutions of concentrations i.e. 0, 0.01, 0.02, 
0.03, 0.06, 0.09 and 0.12% on performance of mustard. The 
duration time for soaking throughout the experiments was 
kept constant (i.e. 4h) except for Experiment 4 and at the 
time of sowing a uniform basal dose of fertilizers (i.e. 90kg 
N/ha, 30kg P/ha and 30kg K/ha) except for Experiment 5, 
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was kept the same. Soaking concentration of 0.03% of 
thiamine hydrochloride was found to be the best in 
comparison to any other concentration of the treatment for 
most of the parameters studied. In growth parameters, leaf 
area fresh weight of plant, root dry weight and shoot length 
showed significant results of the early stages of sampling 
(i.e. 40-80 DAS). Crop growth rate also followed the same 
trend, however, relative growth rate and net assimilation 
rate did not followed the same at any stage of sampling. 
Uptake of N, P and K did not showed any significant 
enhancement. However, yield parameters, pod number, 
seed number, biological yield and seed weight registered 
significant results, which directly boosted the oil yield. The 
quality parameters, oil content, iodine and saponification 
values remained unchanged with any of the treatment. 
Experiment 2 (1993-94) was conducted in the field on 
the same lines as in Experiment 1, according to simple 
randomized block design. The objective of the experiment 
was to confirm the findings of Experiment 1 in the field trial. 
It was noticed that the effects of thiamine hydrochloride 
soaking of 0.03% concentration at the early stages of 
growth (i.e. 40-80 DAS) showed significant results. All the 
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growth and yield characteristics proved best for the same 
(i.e. 0.03% thiamine hydrochloride). However, net 
assimilation and relative growth rate did not show any 
favourable response. Nutrient uptake (N, P and K) and oil 
content also did not register any favourable move. 
Experiment 3 (1994-95), the design of the experiment 
was factorial randomized to study the comparative 
performance of two mustard {Brassica Juncea L.) varieties 
namely, Varuna and Rohini treated with different 
concentrations of thiamine hydrochloride (i.e. 0, 0.01, 0.02 
and 0.03%, other higher concentrations were found 
beneficial in experiment 1 and 2, so were discarded for this 
experiment) to select out the variety better adjusted to local 
conditions with regard to growth and yield. Varietal 
difference was found significant for all the parameters 
studied. The variety Varuna showed significant results with 
0.03% thiamine hydrochloride application for all growth 
parameters i.e. shoot length, plant dry and fresh weight, leaf 
area, leaf area index, CGR. However, the variety Rohini 
registered significant results for RGR especially at early 
stages of growth and for NAR. Shoot N, P and K 
accumulation, yield parameters (except 1000 seed weight) 
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had also shown favourable response to be the best for the 
variety Varuna. 
Varietal interaction (i.e. soaking x variety) was totally 
found non-significant (except CGR, RGR and dry weight). 
So, the best performing variety "Varuna" was selected to 
study the effect of same levels of thiamine hydrochloride 
concentrations (but in foliar form) in the Experiment 4. 
Experiment 4 (1994-95) was conducted according to 
simple randomized block design in the rabi season. The aim 
of this trial was to find out the effect of spray of thiamine 
hydrochloride on mustard {Brassica juncea L.) var. Varuna 
(selected from Experiment 3). 
The plants were sprayed with 0.01, 0.02 and 0.03% 
thiamine hydrochloride solutions along with deionized water 
(control) for the comparison. Spray of solutions and 
deionized water was done in a single spray (40 DAS). The 
same parameters as in previous experiments were studied. 
Like Experiment 3, 0.03% of thiamine hydrochloride proved 
optimum for all growth parameters like fresh weight, plant 
dry weight, CGR, RGR (except shoot length, leaf area, leaf 
area index and NAR) especially at early stages of growth. N, 
P and K enhancement was not affected by spray treatment 
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yet 0.03% was statistically superior to rest of the 
treatments. Foliar application also enhances yield 
parameters (except seed number, 1000 seed weight and 
harvest index). Same was the case with seed yield. Quality 
characteristics like oil content, acid, iodine and 
saponification values remained unchanged with any of the 
spray. 
Experiment 5 (1995-96) was conducted according to 
factorial randomized block design. This trial was based on 
the findings of Experiment 1, 2 and 3. The main objectives 
of the experiment was to confirm the effects of best dose 
(0.03% thiamine hydrochloride solution) of pre sowing seed 
soaking on the basis of previous findings and to observe 
interaction effect with different combinations of nitrogen (0, 
30, 60 and 90kg/ha) and phosphorus (0, 30 and 60kg/ha) 
levels on performance of mustard {Brassica juncea L.) var. 
Varuna. A uniform basal dose of potassium (30kg/ha) was 
maintained. 
The same parameters as in previous experiments were 
studied at the same stages in this experiment also. Soaking 
concentration 0.03% of thiamine hydrochloride solution 
registered marvelous significant results for most of the 
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parameters including growth parameters, biochemical 
parameters (except N, P and K content) and yield 
parameters except seed number, 1000 seed weight and 
harvest index). Same results were also obtained for 30kg 
P/ha and 60kg N/ha. Two interaction (S x N) was found 
beneficial, whereas, all three interactions either two or three 
ways were found non-significant. 
To sum up, the variety Varuna with a basal application 
of 60kg N/ha, 30kg P/ha and soaking concentration of 0.03% 
thiamine hydrochloride solution may be adopted in this agro-
climatic zone for profitable cultivation. Results on leaf 
applied thiamine hydrochloride solution with basal uniformity 
applied fertilizer doses, though proving beneficial, need 
further research to establish the most suitable concentration 
of basal fertilizer dressing with thiamine hydrochloride 
solution not only for further improving the performance of 
the crop but also to achieve economy of phosphatic and 
nitrogenous fertilizers. 
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APPENDIX 
APPENDIX 
PREPARATION OF REAGENTS 
The reagents for various chemical determinations were 
prepared according to the following methods. 
1. Reagents for N, P and K determinations 
a. Nessler's reagents 
3.5g of Kl was dissolved in 100ml DDW in which 4% 
mercuric chloride solution was added with stirring until a 
slight red precipitate remained (about 325ml of the solution 
was required). Therefore, 120g of sodium hydroxide with 
250ml of DDW was added. The volume was made upto one 
litre with DDW. The mixture was decanted and kept in an 
amber-coloured bottle. 
b. Molybdic acid reagent (2.5%) 
1.25g of ammonium molybdate was dissolved in 175ml 
DDW in which 75ml of lON-Sulphuric acid was added. 
c. Aminonapthol sulphuric acid 
0.5g of 1-amino-2-napthoi-4-suiphuric acid was 
dissolved in 195ml of 15% sodium bisulphate solution to 
which 5ml of 20% sodium sulphate solution was added. The 
solution was kept in amber-coloured bottle. 
2. Reagents for oil analysis 
a. Hydrochloride acid (0.5N HCI) 
Hydrochloride acid (21.49ml) was mixed with 478.51ml 
of double distilled water to get 500ml of 0.5N HCI. 
b. Iodine monochloride solution 
Iodine (13g) was dissolved in a mixture of 300ml of 
carbon tetrachloride and 700ml of glacial acetic acid and the 
resulting solution was dissolved into solution A and B. To 
20ml of solution A, 15ml of Kl solution (f) and the 100ml DDW 
was added and titrated against 0.1 N sodium thiosulphate 
solution (g), using starch indicator (i). Chlorine gas was 
passed through solution B until the amount of 0.1N Sodium 
Thiosulphate required for the titration was not more than 
double of that needed in solution A. 
c. Phenolphthalein solution 
Phenolphthalein (lOg) was dissolved in 95% ethanol 
and volume was made upto 1 litre. 
d. Potassium hydroxide solution (0.1N KOH) 
Potassium hydroxide (5.6g) was dissolved in 955 
ethanol and the volume was made upto one litre. 
HI 
e. Potassium hydroxide solution (0.5N KOH) 
Potassium hydroxide (28g) was dissolved in 95% 
ethanol and the volume was made upto 1 litre. 
f. Potassium iodide solution (Kl) 
Potassium iodide (150g) was dissolved in DDW and the 
volume was made upto 1 litre. 
h. Solvent mixture 
Ethanol 95% was mixed with diethyle ether in 1:1 ratio. 
This mixture of solvent was neutralized just before use by 
means of 0.1N KOH solution in the presence of 
phenolphthalein solution as an indicator. 
i. Starch solution 
Soluble starch (1g) was dissolved in 100ml of boiling 
DDW. 
